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ABSTRACT 
Serenteenth century alxun works were organised rationally and 
operators used physical and chemical tests to evaluate raw materials 
and to give necessaiy information for control of the process. 
Managers of the Boulby and Loftus plants during the second half 
of the eighteenth century and the f i r s t half of the nineteenth 
century continued to use these tests and developed their application 
to control of the preparation of Kelp for the process and i n 
evaluation of newer raw materials which replaced Kelp. 
A works laboratory was i n existence at Loftus from 1805 and 
from 1820 a l i b r a r y of "sound" chemical texij^was maintained on the 
plant. Process development evaluation; process investigations; 
systematic investigation of Faraday's recommendations were carried out 
i n addition to basic t e s t s . The works chemist's function emerged. 
The large workforce was given s p e c i f i c tasks and salary and/or 
rates of pay indicated both a seniority and a succession. Details 
of the method of operations which remained e s s e n t i a l l y imchanged for 
300 yearsjbring out the ideas of "unit operations" as being -implicitly 
understood and show the organisation of transport of materials i n the 
plant. 
Chemists observing the process showed developing understanding 
of the chemistry of the operations and Wilson investigated the sequence 
of operations at plant l e v e l using chemical analyses. Chaptal 
developed the "synthetic" altmi process as a projection of current 
chemical knowledge and Va^^uelin's investigatio^is could have led to 
fundamental changes i n the raw materials used i n Yorkshire. 
Sulphuric acid and Gas Manufacture are sketched b r i e f l y . Both 
industries show the use of t e s t s to evaluate raw materials and control 
the process; the involvement of chemists i n fundamental research, as 
process innovations and carrying out investigations of the process at 
plant l e v e l ; the development of processes based on chemical 
understanding and the development of work^ techniques by non-chemists 
who could be considered embryo chemical engineers. 
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INTRODUCTION 
OBJECTS 
The purpose of t h i s ei|quiiy i s to examine the operation of i n d u s t r i a l plants 
of the eighteenth and nineteenth century i n which chemical processes were u t i l i s e d 
i n obtaining the end product or i n monitoring i t s production* I n p a r t i c u l a r , the 
process operations, t h e i r developnent, the development of plant i t s e l f , the 
process control and i t s development are investigated; and outlined* 
Immediately, one i s faced with the problom of l i m i t i n g the scope of invest-
igation, since the f i e l d above i s vast. I n i t i a l l y , i t appeared that a "time 
s c a l e " would be a suitable l i m i t a t i o n . One could, for example, treat on certain 
chemical industries i n the early nineteenth century or the lat e eighteenth 
century; however, the fevelopments i n different industries do not seem to f i t 
into the same time s c a l e . Another way of treating the time scale would be to 
regard the revolutionary changes i n chemical thought of Lavoisier et a l . as 
providing a date which would be a suitable natural break. For B r i t a i n one would 
suggest that the year 179o'when Lavoisier's "Elements" were translated into English 
could represent such a date. Many of the publications that seem designed to 
influence the industries described or consider t h e i r new tendencies f a l l into 
the"new " era. Furthermore, much of t h i s work when of French origin, seems 
related to the new post-revolutionary G-ovemment i n i t i a t i v e i n France where the 
d i r e c t application of science to i n d u s t r i a l projects was regarded as a noble aim 
and was organised to achieve definite ends. O . ) 
The " I n d u s t r i a l Investigation" work of Berthollet on dyeing ( 3 ) and of 
Pajot de Gharmes on bleaching ) and Chaptal i n h i s "Chonistry applied to the 
Arts and Manufacture" ( ) span the turn of the century. On the smaller scale, 
Clements and Desoimes' paper on manufacture of sulphuric acid ( ) and Henry's 
papers on s a l t ) and illuminating gas ( ^ ) present good early 19th century 
examples of research i n the chemical nature of i n d u s t r i a l processes. 
Yet, there i s no general evidence that t h i s era was a "take off" point for 
a 
the chemical industry as a whole, Watson f o r example, writing i n 1854, claimed 
th^t . there had been l i t t l e change i n alum making in-^lTD years, I t would seem 
reasohable, therefore, to argue that each industry must be takan i n i t s context 
and to consider some of the many other factors which could be used to explain the 
development i n an industry, (see below pagel(?) 
The next l i m i t a t i o n to be faced i s i n the selection of industries which can. 
be analysed according to the breakdown given i n the f i r s t paragraph. .IShat i n 
any case i s the chemical industry ? Hardie and Davidson Pratt ) describe i t 
as "matter transforming industry" which produces chemical or physical changes i n 
the nature of substances." They go on to point out that such a de f i n i t i o n can 
"obscure the actual scope of chemical technology" and that, therefore, the usual 
t i t l e i s "Chemical and A l l i e d Industries" - where chemical industries produce 
named and recognisable "pure substances" and the a l l i e d industries produce the 
mixtures; 6i* such as gas, glass and soap. I t i s t h i s l a t t e r concept which M i l 
be used here. 
This definition, i s taken to exclude the ferrous metal industries from 
" a l l i e d i n d u s t r i e s " yet the industry could e a s i l y be described i n terms of the 
c r i t e r i a mentioned i n the f i r s t paragraph. I n p a r t i c u l a r , as early as 1722, 
IV 
Reaumur was describing the use of v i s u a l observation of the c r y s t a l structure 
revealed i n the metal fracture surface as a guideline i n the detemining of 
i t s s u i t a b i l i t y i n s t e e l making (see also plate 1 ) . 
Nonetheless, i t has been found convenient to investigate the three d i s -
s i m i l a r industries of Alum, Coal G-as and Sjilphuric Acid manufacture i n t h i s exjquiry 
and each i n t h e i r own way can be examined according to the criteria.,' mentioned 
above. 
The Alum; industry described below i s pre-Spence and the description r e l i e s 
on both contemporary and l a t e r accounts but especially on manufscript material. 
I n the case of sulphuric acid, the account i s based on printed materialybeilK 
contempowrcy and modenijand describes the lead chamber process:. The survey 
of coal gas manufacture r e l i e s mainly on contempoaary accounts. 
pl..(j. prl^- 3. no 
ii'MiUfiliiiiiiif'rriiimnifriffntf^ ^^^ 
immmmmmimmmm 
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Due to the different nature of the sources, the accounts d i f f e r considerably 
i n d e t a i l . I t i s possible, and valuable, i n the case of alum manufacture to 
place the iflflustry into the geographical setting of Morth Yorkshire irfiere, for 
example, the manuscript evidence can be used to show the d e t a i l s of management 
of a plant with d e t a i l s of raw material sources and imput^ methods of work and 
payment, the distribution of products and d e t a i l s of the process, control and 
development. 
I n the cases of the gas and sulphuric acid, the accounts are more general 
i n the sense that they are not based on manuscript records of managers. Although 
i t could be a r ^ e d that Acciam's t r e a t i s e s are s p e c i f i c to the G-as Light Company's 
early operations, they are hot i n fact so designed and must be thought of as 
texts on the production of gas. 
I n no way can these accounts be consideredj^ i n fact the aims of the f i r s t 
paragraph are themselves l i m i t e d , We are not concerned - except i n so f a r as 
i t affected plant - with demands f o r the products or the general economic scene 
i n which they f i t . The economics of raw material supply i s of concern only i n so 
f a r as i t i s a factor leading to process development.! ' The sale of the 
product i s of i n t e r e s t here only where there i s some evidence of quality control 
or examination by the purchasers (see NbI^-S^S"') We are not concerened with the 
e s s e n t i a l engineering services required on the plant although engineering 
maintenance on a l l these plants would be a major concern of t h e i r managers and 
t h i s i s to some extent mentioned i n the account but only where i t affects design 
or construction as for example to indicate how lead sheets could be joined (|||1.) 
and how gas pressures could be maintained. ((5* ) The alum account contains more 
d e t a i l than the others for the reasons described, above. 
The relationship between science and technology i n the eighteenth and 
nineteenth century as a general issue issue i s also f a r too vast to be considered 
i n d e t a i l i n t h i s account but i t must be reviewed i n b r i e f . 
THE RELATIONSHIP BETy?EEN SCIENCE AND JNEUSTEY. 
S o l l a P r i c e posed the question i n i t s opposite form " I s technology 
h i s t o r i c a l l y independent of science" ( ) and saw significance i n the amount of 
published contemporary material on a technological topic as showing the degree 
of development taking place i n the f i e l d of technology. 
There i s no attempt i n t h i s approach to find evidence which shows i n any 
individual case relationship between industry (technology) and science. 
Certainly, the accounts of the^ historians tend to f i t into one of three 
.categories. 
The h i s t o r i a n s of chemistry sometimes include a reference to i n d u s t r i a l 
a c t i v i t y but' usually that of the nineteenth century. Multhauf ( f l ) i s except-
iona l i n considering the seventeenth century. Often, industry i s not considered, 
IS 1^ . 
Historians of chemical industry such as Clow, Musson and Robinson and 
do 
Taylor often take cognisance of theory and Musson and Robinson and Clow i n 
p a r t i c u l a r go to some trouble to relate chemistry to i n d u s t r i a l development as 
i n the development of chlorine bleacing by Black and Watt on bbhalf of Watt's 
father-in-law (9;! ) or by Milne i n Aberdeen ( 3 1 ^ . ) or conversely by Henry i n 
Manchester ) - the dispute a r i s i n g as to the f i r s t i n development. 
I n d u s t r i a l historians where authors investigate the individual commercial 
concern of industry are a more recent development and usually reported as 
I n d u s t r i a l Archeology. (JW ) Chemical technology has not been a major concern 
i n the past of such works but useful a r t i c l e s are now appearing. 
The d i f f i c u l t y i s to r e l a t e chemical theory to i n d u s t r i a l practice. 
Often, authors of the f i r s t two categories separate developments i n chemistry 
and industry whilst mentioning that the two occur contemporaneously. This 
occurs i n the History of Technology, volume 17 chapter 8 where Holmyard describes 
the development of chemical theory and Clow separately describes the coure of 
chemical production. ('^) 
On the other hand, the value of science to industry was almost axiomatic 
, . • 1 
i n the eighteenth century and sometimes e a r l i e r . 
Reaumur was indefatigable i n demonstrating t h i s {2,%) a"^ "^  i't ^7 appear 
fz^ Dm the second paragraph of t h i s introduction that I presuppose that the savants . 
influenced the i n d u s t r i a l practice of the day. Indeed i n Ghaptal, one may f i n d 
many direct relationships of the type where 
I . "A chemist using a known process, developed, or had developed, a plant 
to produce a standardised product." 
Although often i n the case he mentions, Chaptal i s the chemist concerned (9p\) 
Other examples: are William t-^^'(see page 64) and Roebuck (see page 
Alternatively can we find situations where 
I I . "A chemist i s c a l l e d i n by an i n d u s t r i a l concern to advise as consulteint 
and devise a r e a l i s t i c course of action to improve production or to 
r a t i o n a l i s e i t . " 
The example of chlory.ne bleaching given above seems to answer the c r i t e r i o n 
as does the woifc of Hi^^WS on Rum Majiufacture (30)» Black on quality of Kelp (3*1 ) 
and Faraday on Alum manufacture • (33^ ) 
S i m i l a r l y , we can f i n d examples where 
I I I . "Am Bnployee not necessarily a qualified chemist i s employed to investigate 
the process experimentally and i n s i t u or i s required to carry out 
control t e s t s of a chemical nature on the intermediate 'products' i n the 
process." 
Here we may note the position of the unknown person who undertook laboratory 
investigations at Loftus Alum. Woi^s i n 1805 (%1) ) together with the known 
Alexander Tod who c a r r i e d out such investigations i n I83O ( 3 V ) anii of course 
the often uanaded liquormen who used density t e s t s to evaluate t h e i r liquors ('^jj ) . 
F a r more d i f f i c u l t a question to answer i s t h i s ? "Was the chemical 
industry organised i n a s c i e n t i f i c manner ?" « and here we look for the relationr-
s h i p . 
IV. " A manager organises h i s plant so that the flow of materials and energy 
i s monitored by workmen who carry out c l e a r functions and who may use 
clear t e s t s with known r e s u l t s to monitor the intermediate products 
so as to obtain the best y i e l d s of a recognised quality." 
To obtain a satisfactory answer to these l a t t e r questions, we do not need to 
f i n d academically qu a l i f i e d chemists operating or advising at plant l e v e l . 
However, since we may not f i n d such personnel, i t i s important to see what 
s c i e n t i f i c ; principles were i n use, because these ideas are often not expressed 
i n any e x p l i c i t manner. 
The l a t t e r two relationships may seem to be the most useful i n evaluating 
i n d u s t r i a l development and a study of the Alum manufacture i n my b e l i e f brings 
out sustained examples of both. ) Thus, t h i s mahufacture could be c a l l e d 
s c i e n t i f i c a l l y organised and has been described by academic writers as though 
i t vj-ere so, although no qualified chemist had participated d i r e c t l y i n i t s 
early organisation. 
- The managers often took the opposite or anti-academic position as when 
George Dodds, the manager of Bo^lby alxm. works wrote to one of the partners on 
March 3ra 0a6<» ( b % ) 
" ( l can now t e l l you) that S i r Tho|^^ Dundas i s for putting his Scheme i n 
execution which I named to you l a s t Autumn, but the V/ork i s not to J>e 
stopfoe(^ A new House i s to be b u i l t Jandj the Works enlarged to 5^*^  pans -
the process i s to be entirely altered and a person at present i s learning 
to make fiH-um with Dr. Black of Edinburgh - what m i l l come of t h i s 
rpmantickScheme, I do not know, but i t w i l l probably now [bej t r i e d i f 
Chemical S k i l l w i l l make an improvement i n that very nice and essential 
point of o\ir business - the a r t of mixing and managing our ingredients 
so as to c r y s t a l l i s e and form fi|.um ", (reproduced as page"! ) 
S i r Thomas' was interested i n the success; of the family alum works and 
we find him writing to his father about the state of the alum houses, ("J^ ) 
C e r t a i n l y t h i s i n t e r e s t r a i s e d r i b a l d comment from nearby works as when Dodds^ 
again writing to his employerj remarked that^at Loftus, they now had f i v e alum: 
makers with S i r Thomas making a s i x t h . ( ^ ) 
Such reaction could be c a i l e d narrow minded and equally i t could be 
considered the normal reaction of the "professional" manager who resented 
interference with the organising of his plant. The Loftus manager must have 
f e l t t h i s as Dodds reported that 
"Pa^quarson, S i r Thos's Agent at the Works, though a drunken and 
disagreeable frt*so«in many respects-''tis much I think to his fir|dit| 
opposed t h i s scheme - vi^iich has not a l i t t l e exasperated S i r Thomas, 
against him so that S i r Thos has been enquiring for another but I 
suppose t h i s w i l l blow over and they w i l l not part," {\\\) 
10 
I n f a c t , Parquharson, who was noted for t h i s type of reaction, ceased to be 
Agent at some point between t h i s l e t t e r being written and the year 1788 when 
Thomas Napper became Agent^ { ^ % ) Although there i s no evidence that t h i s led 
to any immediate developnents i n the Loftus alum manufacturing process. 
MPIRICISM 
I t could be argued that the relationships 111 & IV describe an 
empirical approach to organising a chemical plant and both Clow ( if3) and Taylor 
believed that the eighteenth century was an empirical era i n chemistry and that 
t h i s acted as a l i m i t i n g f actor. 
Taylor expressed i t thus 
"... the chemical industries and c r a f t s that flourished up to and during 
the eighteenth century were almost e n t i r e l y empirical ... the chemistry 
of the time did not afford them any indication or method by which they 
might improve t h e i r processes or devise new ones." (l^S) 
and goes on to say that t h i s situation had changed d r a s t i c a l l y by the 
middle of the nineteenth century when the 
"... majority of i n d u s t r i a l processes ... could be given an explanation 
i n terms of o&amical reaction ... (which) ... enabled the manufacturer 
to devise new ways of attaining t h e i r ends." (!(^) 
G-ibbs. takes the contrasting view that. 
"(by the f i r s t h a l f of the eighteenth century) the point had been 
reached where science and p a r t i c u l a r l y chemistry could begin to give 
a lead to several manufacturers." (|^ ) 
Daiimas goes f\irther, differentiating between the i n d u s t r i a l development 
towards large scale units i n the eighteenth century and the contemporary 
development i n science towards the l a t t e r end of the eighteenth century -
La v o i s i e r ' s revolutfiion i n chemistry. He argues that 
"The (large scale) chemical industry... developed during a period tBat 
has long been regarded as unimportant. The fame of the woric of Lavoisier 
and the chemists of h i s generation led to the b e l i e f that u n t i l then, 
chemistry did not e x i s t . The historians of science have now recognised 
t h i s error. But they have continued to believe that the major chemical 
industries were bom spontaneously at the beginning of the nineteenth 
century." (j|!5|| ) 
Much of Daumas' quoted evidence i s ' derived from Diderot's Encyclopedia {jf^) 
and other such examples have already been quoted above. 
It. 
II 
G-illfspie also claims that the French encyclopedic ventures of the mid 
eighteenth century were 
"attempts to l i f t - the arts and trades out of the slough of ignorant 
t r a d i t i o n and by rati o n a l description and c l a s s i f i c a t i o n to find them 
t h e i r r i g h t f u l place within the great unity of human knowledge. (^J ) 
The outlook of G i l l # s p i e i s that 
"when s c i e n t i s t s turned to industry, i t was to c l a s s i f y the trades, to . 
study the processes and to c l a s s i f y the pr i n c i p l e s . I n th i s |j8l)<ft4cs'^' 
fashion, science was indeed applied to industry and very widely." (^ jL) 
The industries quoted i n s[pport of t h i s position were mainly French 
and i t was remarked that by the end of the eighteenth century, most of the major 
French chemical plans were managed by men of s c i e n t i f i c background (5^) and 
A'' 
hence, i t was argued that the main manner i n which science was applied to 
industry was i n the application of :$'0\tntiP6A\\S^e^ioXt<il!^fSoif»^^ to v .' 
i n d u s t r i a l problems. The era quoted i s post Lavoisier and examples of this 
phenomenon are given above and may also be sought i n the pages of "Annales de 
Chimie" 1789-1815.^ 
E a r l i e r examples are mentioned above and i n particular, Chisholm i s 
worthy of notice as an as s i s t a n t to Lewis ( g^) who applied simple t i t r i m -
yetric techniques to problems of in d u s t r i a l interest - Rancke Madsen ($0') 
mentioned these and other early analyiiical contro^ using t i t r i m e t r y . 
Wedgewood l a t e r employed Chisholm and Schofield indicates that i t was to 
a s s i s t i n Wedgewood's i n d u s t r i a l reaearch. (^1) 
Were sc?jien t i s t s or science applied to industry or did they describe 
an e s s e n t i a l l y empirical development ? As Musson remarks ( J J ) "°i^ ch of 
the debate hinges on what interpretations are given to the words science and 
empiricism or to pure euid applied science." He believes too strong a 
d i s t i n c t i o n may be made between these concepts and that i n practice p-f. the 
d i s t i n c t i o n between than i s often blurred. 
anpiricism i s i n any case, a much malighad concept. I t i s s t i l l with us 
as can be seen from a glance at the B r i t i s h standards t e s t s i n almost amy 
branch of chemical and a l l i e d industries ( S ^ ) or i n the development of plan^at 
p i l o t plant stage where one i s ^ r i v i n g to obtain optimum r e s u l t s . { j^O) 
A sense of wonder i s aroused therefore at the happy assurance that the 
l i m i t i n g factors i n process development i n the eighteenth century could be more 
e a s i l y overcome a f t e r the chemical revolution - or as i t i s more usually put -
that empirical methods alone were r e s t r i c t e d i n *hat they could achieve before 
the "Chemical Revolution" of the l a t e eighteenth century. 
I t seems to me more likSily that the eighteenth century i n d u s t r i a l i s t was 
more conceme^lfrith p r o f i t a b i l i t y and cost effectiveness; than with technical 
development as such. I f development ob:^ously improved p r o f i t a b i l i t y , i t was 
acceptable, but r i s k i n g c a p i t a l to prove the advantage of development had unhappy 
precedents i n both Roebuck i n h i s operations at Carron Iron Company ( ( j j ) , 
e s pecially h i s involvement with James Watt and the early steam engine and 
Lord Dundonald's i l l - f a t e d operations on many fronts. 
GRIG-INS OF THE CHEMICAL EN&INEER. 
I t may appear that the question of science related to industry and i n 
p a r t i c u l a r chemistry related to chemical and a l l i e d industries i s not the most 
important relationship to be pursued. Today, we regard the design and organ-
i s a t i o n of a chemical plant as the province of the chemical engineer, although 
chemists may be involved i n research or devlopnent and ultimately i n control of 
the process,. I s there any evidence that the early plant managers were i n any 
sense chemical engineers i n embyro ? This term seems f i r s t to appear around the 
decade of the 1870's when ce r t a i n individuals so described themselves (see plate 2) 
I f e e l we are here looking f o r positive examples of the fourth relationship above. 
What sort of organisation:'; are we looking for i n such plants ? 
(a) i d e n t i f i c a t i o n of the process as composed of separate unit operations 
which could be regarded as; general operations not s p e c i f i c to the particular 
process on that plant. Such operations might include evaporation, c r y s t a l l -
i s a t i o n , solution, r e c r y s t a l l i s a t i o n , d i s t i l l a t i o n and f i l t r a t i o n . the design 
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of the reaction vessels to achieve better conditions for the reaction can be 
included here. Where an imporvement i n any of these operations is found, 
especially where the improvement i s seen as a u t i l i s a t ion of basic physical 
principles, i t gives credence to the idea that the particular operation was 
regarded imp l i c i t l y as a "unit operation" and this concept i s found i n 
dictionaries such as those of Ure and Knapp who also relate different industi±es 
through them. I t would be useful to know whether developments i n unit 
S 
operatioi^ were developed i n s i tu or transmitted through an industry or even from 
industry to industry. There i s some evidence that i n the case of development of 
furnaces ((j)^') and s t i l l s (^(o ) that this took place as a separate art and the 
u t i l i s a t i o n of waste heat has been traced from the seventeenth century. (^T ) 
(b) That the transport and flow of materials was organised e f f i c i en t ly 
and preferably using methods other than men with barrows or^  i n other v/ords^ was 
fe 
. there any signs of the development of continuous operation of plan. This could 
be described as seeking a material balance fo r the different parts of the plant 
and at the embryonic stage this could be considered achieved i f the plant could 
operate smoothly without stockpiles or shortage arising at some intermediate 
stage i n the process. ( ) The waste of energy xn plants i s today s t i l l 
immense^although th i s i s now always due to the i n a b i l i t y to conserve it^but more 
the negative economic motivation i n so doing. 
(c) We could also seek to f i n d process development i n for example 
the replacement of raw materials by improved sources ("^(J) by reorganising plant 
and operational duties to achieve a greater yie ld improved product and/or the 
re-cycling or better u t i l i s a t i on of waste material (Y/ ) • 
However, to obtain the results i n (c) above, we need to exert some 
monitoring of materials^in order to ascertain whether the aims have been 
achieved andjhere again, we are looking for the emergence i n embyro of another 
member of the modern plant team» 
ORI&INS OF THE WORKS CHffllST 
The control of the process, testing of raw material and finished products. 
IS 
1> 
and "trouble shooting" investigations often f a l l s to the lo t of the works chemist. 
The control OX' monitoring fijtftiotion could be sp l i t as follows:-
a) monitoring the constancy of raw materials often including water. 
b) monitoring the constancy of intermediate products as a check their 
su i tab i l i ty fo r the next operation or often i n batch production, to determine the 
quantities fo r mixing i n the subsequent operation. 
c) monitoilng constancy of product. 
These controls could be carried out by trusted operators and thus a 
delegation of duties could be effected. I n any case, other controls such as 
not 
cbntrol^flow of materials^or temperature and pressure controls^would/obviously 
be the Works Chemist's task^but that of management or delegated operatives. 
Nevertheless, i f we can f ind an operative trusted with these duties^ or 
some of than, i t appears we are finding a works chemist i n emjq?yo. 
The t h i r d relation above seems to embody the work of the works chemist 
and as we sh l l see i n the alum accounts, early examples of plant laboratories 
( and the existence of both monitoidng and development investigations ) 
can be found i n the Loftus works. Density monitoring of intermediates appears 
to date back to 1612 ) . 
Of course the embryo chemical engineer and works chemist could be the same 
person i n any plant and i n the case of Chaptal and Parkes ) we may f i n d that 
these are i n addition examples of the f i r s t relationship above which we could 
now descrive as development chemists or chemical entrepreneurs. 
I t seems, however, that the consulting chemist has been always an academic 
chemist called i n by the manufacturer and his function i s ofjcoursejthat 
outlined i n the second relationship above. ("15') 
PARALLELS. 
The concepts of plant development (or process development) and process 
control have been described i n the previous two sections. The discussion 
indicates that their developnent may also be associated with the creation of 
l b 
recognisable professions and so this development may contribute to the 
professionalisation of science and technology, ( see conclusion page below) 
I n this enquiry, then, we are concerned more with the scientific nature of 
the tasks performed by industr ial personnel than with the inter-relation of 
science and technology. However, the involvement of scientists i s apparent 
i n both gas and sulphuric acid manufacture especially i n consultaieg: but also 
i n development* (^0 ) 
Other factors influencing development are treated i n context but not 
extensively. For example, the development i n chemical industry was affected 
by economic forces of the time and one could mention the price of kelp ) and 
the lack of i n i t i a l demand for vast amounts of sulphuric acid : (^^O po l i t i c a l 
forces - the waips, with Prance and their effect on trade: (^'3 ) the operation of 
the patents law - both i n i t s effect (^\^.) and i t s breach (^ j^) which led to 
secrecy concerning operations (^lo) both of these effects can be seen i n the gas 
and sulphuric acid industries : the lack of communications - although alum and 
sulphuric acid had better communications than might be expected (^"7) °^ 
"course the operation of price cartels which also controlled proddction but which 
i n the case of alum do not appear to have had a great effect on the development 
of the process,(8B ) 
n 
THE ALUM INDUSTHr. 
The alums are a series of sulphates or chromates containing both monovalent 
and tervalent ions in the crystal l a t t i ce i n almost equal numbers. 
A general formula would be ,11^(80^)2^2i^0 although many may fee l happier 
withi (M'' )2S0^(M^)2(S0^)^.2i<H20. 
M \ the monovalent metal ion could be potassium, sodium, ammonium ~ to 
take the ions most involved i n practice. I t could also be a mj/irture of any 
two or more monovalent ions and the commercial aliom was often a mixed Potassium/ 
ammonium alu^* 
The Alums are distinctive i n that they crystallise in the sam« 'octahedral 
crystal f o m , ^jRft/ the importance of this i n "quality control" see below ffoTtf^^S^ 
Commercial alums were used i n medicine, fireproofing and extensively i n 
the dyeing industry to make "lakes" and as mordants,.'. fo' ly 
Manufacture of Alum, 
•f, Intpoduction, 
The purpose of tMs section i s to trace the development of the English 
processes i n use i n North Yorkshire from the seventeenth century to their demisfi-
i n the second half of the nineteenth century. The Scottish process at Hurlet and 
Campsi&jwhich commenced about the end of the eighteenth century and was wound up 
at the end of the nineteenth centxiry, i s similar i n basis and alGO described. 
The process of Spenc^ which supplanted the t rad i t iona l processjis also traced.," 
^liriefly^ from i t s (possible) o r ig in . 
The use of the term "English process" could be cr i t ic ised since i t was 
also fo r part of the period under discussion i n use i n Scotland and also i n 
G-ermanj| ^ however, the Whitby process predates the Scottish and German process 
seems similar to the Scottish. Turton, i n his "Alum Pam" reviews the early 
history of the industry and points to i t s continental antecedents. Singer also 
brings this up i n his history of the "Earlie^Chemical Industry." However, the 
terra**English process'^is suitable i n i t s context since the purpose here i s to 
taace the development of the process and practice i n use i n North Yorkshire 
I? 
by observations of that practice by various individuals and at varying times 
during the period i t was i n use. 
Details of the extent of the industry are brought together in the section 
ent i t led "The Account of the Participant" which is drawn from the manuscripts of 
the Agents and Managers who operated the plants from mid-eighteenth century into 
the nineteenth century. 
I t might be asked why^when such material i s at hand, i t i s necessary to 
use the accounts of non-participants and compilers of dictionaries. 
Apart from the evident argumentjthat seeing a process through many pairs 
of eyes i s preferable to one man's viewj we need the views of dictionaries 
fo r two main reasons. 
(•l) By compiling and rationalising they "ordered" the process; and separated 
i t in to sub processes, which are occasionally identical with the unit 
operations of the modern chemical engineer (see Urea's account below and the 
earlier Chaptal model,) 
This "structuring" is needed to comprehend the extremely varied and 
detailed manuscripts whose authors did not need to remind themselves their 
proprietors of the overall process and rarely gave an account of even part of 
the process. 
(2) The compiler of a chemicaIj|dictionary, writ ing fo r a l i tera te and 
c r i t i c a l audience,reassed the pix)cess i n terms of the chemistry of the day / \ 
and provided a cumulative view of the chemical understanding of the process 
and the chemical control thereof. 
Using selected accounts of the process by, i n general, well-know^ authorsp • 
their era^we can trace the extent to which the process had developed ftlthough 
i t s basic structure remained unchanged, ( ^ 1 ^ 
The degree of the author's appreciation of the process is also tested^ 
since at the expense of some repetition of some details i n the different accounts, 
one can note whether the authors were giving due weight to the technical 
management of materials, particularly transport of materials and use of energy 
/<1 
i n the plant . 
As fa r as possible, repetition of details common to a l l the accounts i s 
avoided although i t may be necessary to note the sbsence of details i n some 
accounts and certain points must be included to preserve continuity of the 
narrative. 
By keeping the accounts physically separate, the problem of preserving 
chronology i n a general account i s avoided but the system makes comparison and 
evaluation d i f f i c u l t to embody i n the text and these are usually included as a 
conclusion and i n l inking one account with the next. 
3iO 
2, SEVENTEENTH CENTURY PROCESS, 
The early plants i n North-Yorkshire- began production i n the seveneteenth 
century although three.had been i n operation before 16OO. The plants, their 
du.i:ation and location w i l l be. dealt with i n more detail below, 
. . A description of the seventeenth century mode of operation was presented 
i n 1678 to the Rpspl Society by Daniel Colwall (?-l690)^an active member of the 
BcgcgcL Society since his ele.ction-in l663)whose generaus financial support v/as of 
great use to them, but whose contributions to the philosophical transactions were 
unimportant. This casual dismissal does not appear ju s t i f i ed when one considers 
his reports on alum and copperas. His report on alum which follows appears very 
close to plant practice when compared to the managers mamascript. 
1 . Colwalls account of I678 on the Whitby alum* 
The alum shale i s found under a "Cap of earth" which i s removed. The 
shale is excavated and once exposed to the a i r " w i l l moulder i n pieces" or 
decompose rapidly»"as long as i t continues i n the earth or i n water i t remains 
hard stone," The exaayated rock i s now c ailed Mine^ and assembled for roasting. 
The baring and clearing was carried out by day wage and pieceworicers and 
C I ? 
cost i d - 2d a yard. The Mine was dug and broken into small pieces and harrowed 
to the heaps by the same operatives.-this would cost 2d - 4d, The Mine is 
calcined with cinders of Newcastle coal, vroods and furzes. The f i r e i s made 
two feet and a half thick, two yards broad and ten yards long. Between each 
f i r e are stops made with wet rubbish, so that any one or more of them may be 
kindled without prejudice to the rest," 
These "divisions of the heap" are not so clearly noted by subsequent 
authorities - except those i n manuscripts - who give global dimensions. The 
f u e l bed i s covered with 8 - 1 0 yards of 'broken mine', the f i res l i t and more 
mine put on as the f i r e begins to consume the heap. The heap can be bui l t to 
a height of 20 yards without any more fuel being added and i t w i l l continue to 
burn " stronger than at the f i r s t kindling so long as any sulphur remains i n . 
the stones," 
0(1' 
Turton reports the purchase of a calcining gratf- at 30s which with a 
weight of 3 cwts could support many small heaps. Insuff icient or excessive 
burning causes the calcined mine to be black or red respectively. 
"but Tthere the f i r e passeth sof t ly and of i t s own accord, i t leaves 
the mine white which yields the best and greatest quantity of l iquor . 
The mine thus calcined i s put into pi ts of water, supported with 
frames of wood and reimmed on a l l sides with clay,"( 
The oldest p i t s , according to a survey of l6257V/ere wood and out of 
repair. These pi ts have the dimenaions 10 yards X 5 yards X 5 feet and ere 
connected by a channel to the cistemjOr.as Colwall i@icturesquely puts i t j 
[OP 
"set i n a current that turneth the liquor into a receptory." 
Colwall puts i t thus . . , " Every p i t of l iquor, before i t comes to boil ing, 
i s pumped into four separate pi ts of mine and every p i t of mine is steeped i n 
four separate liquors before i t be thrown away, the last being alwsys fresh 
mine." 
The diagram i s , of course, schematic since by suitable pumping arrangements 
i t may not be necessary to transfer both solid and l iqu id - although the 'turning* 
of the mine i n transfer may have been considered beneficial . 
Bach steeping was of 14 hours duration so that the whole process took 4 days 
and the progressive concentration iSjin the uhits of manufactures^two pounds, f ive 
pounds, eight pounds and twelve pounds. No interpretation i s given but Singer 
states that these represent pounds excess weight over and above 100 lbs of water^ 
which i s 10 ga l l s . I f this i s correct, then the progressive increase i n 
specific gravity are from 1.02 through 1.05, 1.08 to 1,12 (assuming of course 
that the spring water supplied to the pi ts is almost free from dissolved solids -
although of course, even i f the original density of the water is greater than 
22 
uni ty , the progressive increase w i l l be much the same. Hov/ever, here is a clear 
indication of relating density and concentration. 
The f i n a l l iquor i s run o f f direct ly into the "Boyling pans" which are of 
dimensions 9 f t X 5 f t X 2 | f t set upon 2^" thick iron plates. These must 
have required continuous mainteance by site craftsmen since C'olwall remarks 
that the "pans are commonly new cast and the plates repaired f ive times i n two 
years," 
On an operating plant the boilers are f i l l e d two thirds f u l l with"the 
liquor that comes from the alum or wherein the alum shoots which they ca l l 
mothers," (tt)|) these are respectively wash liquor or liquor from the 
crystal l is ing operations. The other t h i rd i s fresh liquor (or as i t s also called 
i n the ar t ic le "green liquor^. "Being thus f i l l e d with cold liquor, the f i r e s 
having never been drawn out, i t w i l l boml again i n less than two hours time," 
I f the f i r e s are buring continuously over more than 21f hours, as this 
seems to indicate, and also i f the pans were regaiarly recast, there must have 
been standby f a c i l i t i e s i . e . extra pans and furnace space to take up the slack 
during maintenance and re-erection of the pans taken out of the l i n e . 
The liquor would b o i l down four inches i n two hours and be replenished. 
Af ter 24 hours, i t would be expected to have a weight of t h i r t y six pounds (tO|^ 
or,using the comparvs*^ techniques above^a gravity;^ 1 ,56, In appearance the 
liquor should "b^reasy as i t were, at the top; i f nitrous, i t w i l l be thick, 
muddy and red ,"^^ 
A hogshead of Kelp lees with a weight of 2 pennyweights i s now added. This 
i s explained at the end of the account "the liquors are measured by the 
Trpyweight, So that half a pint of liquor ( i n la t te r accounts one thirddof a 
pint i s the standard) mutst weight more than so much water by so many pennyweights. 
The use of the pennyweight i s found i n the time of Dr, Edv/ard Jordan, bom 15^ 9 
awarded M.D. Padua who was associated with alum making i n 1614 and could have 
inventedj^assay glass, ^ 
On this basis, the specific gravity of the kelp can be calculated as 1.017* 
Another unit i s quoted earlier when Colwall speaks of the preparation of 
the Kelp lees which "are drawn off at two pound weight or thereabouts". This 
would , on Singer's hypothesis, give a specific gravity of 1,02, The difference 
between these two densities in the total mass of dissolved solids in a hogshead of 
52,5 gallons amounts to a mass difference of 1,58 lbs lihloh. as we sh l l see 
below ( \5 l ) i s negligible. 
Ehe effect of this addition i s to reduce the weight to 27 pounds weight 
(ro- specific gravity of 1 ,2?) and the addition can also be monitored by 
inspection thus:** 
" I f the liquor i s good, as soon as the lees of kelp are put into the 
boyler, they w i l l work l ike yest put to beer. But i f the liquor in the 
boyler- be nitrous, the kelp lees w i l l s t i r in but very l i t t l e andJSjlhis 
case the workmen must put i n the more and stronger lees," 
The reaction mixttre i s then run into a settler "as big as the boylerj made 
of lead, in which i t stands about two hours, i n which time a l l the nitrft {.lOS)) 
and slam sink to the bottom." 
The liquor i s transferred to a wooden cooller^leaving the sediment behind^ 
and 20 gallons of urine added and "i f the liquor be red and consequentially 
nitrous, the more urine i s required." 
The provision of urine was a local industry and Colwall assumes (or he i s 
informed) that i t i s of human origin since he piously remarks that "it i s 
observed that the best urine i s that which comes from poor labouring people who 
drink l i t t l e strong drink." (\^^) 
His comment on the control test does not however extol their honesty he 
explains the need for the t e s t . 
"Because the country people who f^amish the woric with urine, do sometimes 
mingle i t with sea water which cannot be discovered by weight, they t iy i t by 
putting i t to some of the boyling liquor. For so i f the urine be good, 
i t w i l l work like yest put to beer or ale, but i f mingled, i t w i l l s t i r 
not more than so much water." 
The liquors are le f t i n the cooler for four days in temperate weather - the 
alum starts to crysta l l i se (str ikes) on the seoon^d&y - and in hot weather an 
extra day i s needed^ * but the liquor must not be l e f t too long "otherwise i t would. 
as they say turn to Copperas,"and i n cold weather this often happened as a 
matter of course. 
"In frosty weather the cold strikes the al\im too soon, not giving time 
for the n i t re and slam to sink to the bottom, whereby they are mingled with 
the alum. This produceth double the quantity: but being fou l is consumed 
i n the washing." 
At the end of the crys ta l l i s ing operation 
" . . . that called mothers is scopped into a cistern, the alum remaining 
on the sides[and at the bottom: and from thence the mothers are pumped 
into the boyler again, so that every f ive days the liquor is boyled 
again, u n t i l i t evaporates or turns into alum or slam." 
Slam has been described as the "slimy/ material deposited i n the settler 
af ter concentration(but see the f u l l e r discussion below on page ) 
The aliim can now be removed from the cooler, 
"put into a cistern and washed with water that hath been used fo r the 
same purpose, being about twelve pounds weight (e.g. 1.12)" 
When concentrated this washing ' l iquor ' w i l l be recycled to the boiler 
as indicated above. The recrystallisation or reaching i s the f i n a l process* 
" . . . i t i s put into another pan with a quantity of water where i t melts 
and boils a l i t t l e . Then i t i s scooped into a great cask, where i t 
commonly stands ten days, and is then f i t to take down to the market." 
Mo mention is made of breaking or draining the cask or that the liquor 
7/ould be suitable for a fruther bo i l ing . 
Because of Colwalls' direct and expressive use of language, this account 
has set out to use his words with mininiam explanation and elucidation but the 
archaic style and vocabulary should not make us treat this account l i gh t l y 
On the whole, the account i s down to earth description. Although no 
mention of chemical understanding i s made, control techniques are described 
throughout especially the fol lowing. 
1, colour of the mine-heap to determine effectiveness of calcinat?o«. 
2, density tests on a l l solutions, 
3, visual check on quantity of kelp required^effervescence'* 
4, tetremetric method fo r ammonia i n urine, 
Colwall mentions the existence of works near Preston i n Lancashire but 
these are mentioned by most of the authors without any major description of 
them so no attempt w i l l be made to include them i n this narrative. Their 
2i 
HO 
duration i s however similar to the worics we are describing. 
^1-
CHAPTAL'S "RATIONALISATION" OF ALUM MAKIN&. 
i 
Chaptal, writing i n 1803, used the new nomenclature devised by Lavoisier 
and Guyton de Morve»3fc ^ nd this was not his f i r s t .li^|^0:rJl^Vliu.e contribution to 
the alum manufacturing, a paper of 1789 i s mentioned below ) , and this 
gives a very modern appearance to his account. 
Jean Antoine Claude Chaptal {it^Mf^ I 8 3 2 ) was a chemical manufacture fjprofesse 
of chemistry at Montpellier and Minster of the Inter ior under Napoleon I who gave 
him the t i t l e of Compte de Chanteloup, He survived the demise of Napoleon 
and continued i n public o f f i c e . 
In his work "Chimie appliquee aux Arts", published i n transliation i n England 
i n 1807, Chaptal not only descidbes processes i n use^but i n many f ields describes 
the process which he is using. Alum was one of the products he manufactured^ 
III* 
but hi$' own process, original ly outlined i n the paper of 1789^  i s a precursor of 
the Spence process which ultimately eclipsed the alum, slate extraction and is 
discussed bBlow, However, he also described the Whitby process among;". others. 
Alum is described as " t r ip le salt . . . a sulphate of alumina and potash.',' 
of specific gravity 1,7 J acid to litmus j forming octahedral soni-transparenl; 
crystals which are soluble i n 15 parts of water at 60°P and 0,75 parts of water' 
at boiling point . 
The process is sp l i t into three section:-
A ) Aluminization. 
B ) L ix iv ia t ion 
C) Crystallisation 
1 • Aluminizationi. 
Chaptal explains that aluminium and sulphur are present i n the rock but not 
bombined and to effect th is combination, the mineral could be l e f t exposed to 
the atmoshphere but due to the slowness of this method, heat i s applied to the 
crushed mineral. 
er 
" I t i s i n the proper regulation of these d i f f ^n t agents, a i r , water 
and heat that the art of aluminization consists," 
27 
This i s an unhelpful generalisation but when he mentions the Whitby example, 
he describes the preparation of a bed of "faggots" of 10' X 12' wide and the rock 
i s piled on top^using a "scaffold"y.set up alongside,until the heap is about 50' 
long by 40* high and 
"They do not wait u n t i l i t i s finished before l ight ing the f i r e , because 
as i t penetrates the mass only slowly, i t i s necessary frequently to review 
i t , " 
The size of the heap apptioned appears to correspond more to divisions of the 
heap mentioned by Colwall than the massive heaps of other authors eind the problems 
of excessive f i r i n g of the heap are not mentioned. 
2. L ix iv i a t i on . 
The purpose i s "to obtain the sulphate of alum separately." 
The calcineil^shaie is bathed i n tanks "sunk i n the ground i n order to 
preserve as much as possible a uniformity of temperature," 
Three banks of pi ts erected, the upper one with nearly exhausted ore, 
"so that the water may gradually take up the different salts and acquire 
a degree of concentration amounted from 15 to 25 degrees accoring to 
Beaume's aerometer ( \\|Q)"although he describes the Whitby process involving 
bathing the calcinate twice, each time standing for 24 hours, and using the 
second washing to leach the fresh mine. He also describes how one could varnish 
the walls of the pits with ye l low y/ax and resin mixed with Spanish brown but as is 
described elsewhere the Yorkshire works made do with clay (see pagedil^ .^- )., 
In any case, the following practical considerations should be observed!:*' 
a) the rock should be broken up to help t^e water to "penetrate more 
effect ively " but not powdBied, 
W 
b) the calcined material i s to have a "certain tickness" since the 
solution becomes more concentrated" in proporation to the height of 
the stratum through vfeLch i t percolates, 
c) "the water should cover the mineral by several inches." 
d) the water should be l e f t u n t i l no further solution takes place. 
This last suggestion seems to make nonsense of the gradual solution 
mentioned above since i t implies leaving the water u n t i l i t becomes saturated. 
The liquor is run into stone cisterns and l e f t to c l a r i f y "by the 
deposition of any extraneous matters". 
3) Crystallisation 
The liquors are boiled i n lead 'cauldrons' of dimensions 10 to 12 feet 
by 7 to 8 feet by 2 to 3 f t e t . Mother liquors are added from a previous process 
and the pans st irred to prevent precipitation^' " 
",,,as they might injure the cauldrons by forming a crust which 
interposing between the f l u i d and the metal would expose this 
last to the direct action of the heat," 
Chaptal then gives a l i s t of oiternatives fo r determining the point at 
which the correct concentration i s reached, 
a) concentrate to 60°B (but i n some works only 35°B) 
b) fresh eggs remaining af loa t . 
c) weigh*, bottle of liquor and compare weight with pure water, 
d) F i l l cup and check whether i t crystallises on cooling, 
e) b o i l down u n t i l reaches marked leve l . 
At the end of the day, due to the variable composition "experience alone 
can determine the proper point." 
A b r i e f glance at these methods w i l l demonstrate that they include a l l 
the methods mentioned i n the other accounts. 
Alka l i must be added to the liquor which is f i r s t removed, from the pans. 
I f i ron (31 ) sulphate i s present, this is crystallised out before adding the 
a lka l i which i n England i s kelp (quoting ^ars.) He later mentions the use of 
putrescent urine "as furnishing ammonia and he also indicateSjSurprisingly, soda 
as an alternative a l k a l i . 
Alums are often mixed, since i n some manufacturies both potash and 
urine are used. 
He f i n a l l y points out that the alum i s not yet pure enough and needs to 
be recrystall ised. 
C h a p t a l ' s account i s ordered and contrxljutes something to the chemical 
understanding ( s e e below page (O?) of t h e p r o c e s s , but t o f i l l i n contemporary 
d e t a i l s , i t i s n e c e s s a r y to look a t one or two l o c a l accounts of the North 
Y o r k s h i r e p r o c e s s . 
Winter's Account of the Whitby Pr o c e s s dated I 0 t h March 1 8 1 0 / ^ ' 
The Alum worics around the Whitby a r e a a r e almost i n v a r i a b l y s i t u a t e d on 
the c o a s t to f a c i l i t a t e d i s p o s a l of the "immense quantity of r e f u s e s c h i s t u s 
and r u b b i s h " , ( a s the covering s t r a t a above the aluminous s c h i s t u s are c a l l e d ) 
and a l s o t o save on l a n d t r a n s p o r t c o s t s which would be i n c u r r e d i n excess 
o f sea t r a n s p o r t of c o a l s from Sunderland and South S h i e l d s , 
F o r t h e s e reasons, he suggests t h a t the i n l a n d works have been reduced 
i n number. 
He d e s c r i b e s the covering s t r a t a as being composed of a l l u v i a l s o i l , 
sandstone, i r o n s t o n e s h a l e and c l a y and goes on to d e s c r i b e the sandstone more 
f u l l y , as a v a l u a b l e b u i l d i n g s t o n e . Although t h i s does not d i r e c t l y concern the 
p r o c e s s , i t i s d e a l t w i t h below b r i e f l y when we consider the o r g a n i s a t i o n of 
labour i n b a r i n g the stone. (^1^^) 
The sandstone beds a r e between 4 yards and more than 50 yards t h i c k . 
Beneath t h e s e l i e the alum s h a l e s which Winter has a n a l y s e d at v a r i o u s 
depths. He concluded t h a t as the depths i n c r e a s e , the sulphur content 
decreases and the bituminous content i n c r e a s e s from which he a s s e s s e s t h a t 
T c u b i c y a r d of top s h a l e i s the e q u i v a l e n t of 5 c u b i c yards of "bottom" s h a l e . 
T h i s s c i e n t i f i c a l l y based c o n c l u s i o n seems t o be i n d i r e c t c o n t r a s t 
to the simple u n q u a l i f i e d opposite statement of C o l w a l l t h a t 
"The mine which l i e s deep i n the e a r t h and i s i n d i f f e r e n t l y w e l l moistened 
w i t h s p r i n g s i s the b e s t . The dry mine i s not good. And too much 
moisture cankers and c o r r u p t s the stone making i t n i t r o u s , ( y j ^ . ) 
Winter g i v e s the intimate a n a l y s i s of the stone's composition to be s i l e x , 
alximini, magnesia, lim e , oxide of i r o n , bitumen, sulphur and w a t e r . 
The r u b b i s h i s f i r s t removed and the alum rock hewed out w i t h "picks and 
j a v e l i n s " , then t r a n s p o r t e d by a centre-wheeleil barrow whose centre of g r a v i t y 
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i s on the v e r t i c a l l i n e through the wheel huh. I n t h i s way, the f u l l load 
of shale i s supported by the wheel and the t a s k of the workman i s to keep 
i t steady i n t r a n s i t . Winter a s s e s s e s the c a p a c i t y of the barrows a t 
10 barrows = 1 s o l i d y a r d , ( t h i s f i g u r e r e p r e s e n t s a f u l l barrow, h a l f and 
q u a r t e r barrows were a l s o i n use.) and give/two c o s t f a c t o r s , 
1) d i s t a n c e t o be t r a n s p o r t e d ; s i n c e the barrowsmen are day wage woricers 
( e a r n i n g 2 / 6 d per diem i n w i n t e r and 3 s , per diem i n s u A ^ r ) and not p a i d by 
the number of barrows d e l i v e r e d on a weighted b a s i s , t h e r e f o r e the longer 
the journey, the l e s s i s the output per manshift and the g r e a t e r i s the u n i t 
of e x p e n d i t u r e , 
2) ease of hewing depends mainly on the hardness of the rock (but a l s o see 
page .[ 
The Ijarrowmen ( s e e below) t r ^ s p o r t the rock to the s i t e f o r r o a s t i n g 
yUaere a bed of f u e l 4 yards by 2 yards high i s prepared. The rock, which 
must be broken up, i s poured on to the f U e l bed and when a 4 f e e t covering 
i s a t t a i n e d , the f i r e s a r e k i n d l e d * 
Other x p i l e s - o f wood are prepared beside the f i r s t one and the process 
repeated u n t i l t h e t o t a l heap can have dimensions of 150 f e e t and 200 f e e t a t 
the base and 90 f e e t and 100 f e e t h i g h . 
Winter makes no mention of the breaks between the f i r e s mentioned by 
C o l w a l l above (^05)) and y e t G-eorge Dodds, the Agent/Manager, of the Boulby 
Alum works, mentioned by Winter i n h i s account, w r i t i n g to Mrs. Baker, one of 
the p a r t n e r s on October 2nd 1779 seems t o i n d i c a t e the continued use of t h e 
vVV 
"stops of r u b b i s h " when he s a y s ^ 
" I now beging very much t o doubt we s h i U not be able to keep ALL OUR 
FIRES i n the w i n t e r , we have not a f o r c e of barrowmen a t a l l 
competent to the consumption of burnt mine," (my emphasis.) 
By the l a t t e r p a r t of the statement, he i s c l a i m i n g t h a t the heaps 
cannot be r e p l e n i s h e d as q u i c k l y as they bum through, due t o shortage of 
l a b o u r . 
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Winter goes on to remark on the vast q u a n t i t y of sulphurous a c i d gas 
l o s t t o the a i r and the attempt ( i n h i s view) to prevent t h i s by p l a s t e r i n g 
the outside of the heap w i t h wet ^ i s t . T h i s , he c l a i m s , has l i t t l e e f f e c t 
but keeps the wind out u n t i l i t i s e v e n t u a l l y decomposed by r a i n . 
The c a l c i n e d s h a l e i s steeped i n water i n p i t s u s u a l l y c o n t a i n i n g 60 
cubic yards of impregnated water which i s r e c y c l e d to impregnate f r e s h mine 
u n t i l the s p e c i f i c g r a v i t y of the l i q u o r i s 1 .15 or 12 pennjrweight. 
Winter does not mention C'olwall's "Frames of Wood" on v/hich the shale i s 
l a i d . He f u r t h e r reckons t h a t 130 tons of c a l c i n e d shale give 1 ton of 
marketable alum. 
The progress of the l e a c h i n g can be summarized d i a g r a m a t i c a l l y from 
t h i s d e x c r i p t i o n as f o l l o w s 
1 , m 
the h a l f exhausted mine i s covered with water, s u c c e s s i v e l y ^ t o take up the 
s o l u b l e s a l t s and t h r e e grades, of l i q u o r are found i n the p i t s - strong, 
seconds and t h i r d s . 
He seems not t o have n o t i c e d the counter-current progress of the two 
streams of m a t e r i a l s which C o l w a l l has n o t i c e d over a century e a r l i e r . 
Winter's' i n p u t i s always f r e s h water and the only r e c y c l i n g i s the use of 
strong l i q u o r on new mine. 
The strong l i q u o r i s now run to a c i s t e r n to deposit the lime and i r o n 
sulphate and the e a r t h . I n some works, the l i q u o r i s c l a r i f i e d by b o i l i n g 
and r e s e t t l i n g i n s p i t e of the added expense of f u e l . 
T h i s alum l i q u o r i s now t r a n s f e r r e d to the pans f o r b o i l i n g and from t h i s 
p o i n t the o b s e r v a t i o n s should be somewhat d i f f e r e n t s i n c e the a d d i t i o n a l u n i t 
o p e r a t i o n of p r e l i m i n a r y s e t t l i n g has now been i n s e r t e d i n the flow* 
The pans are of l e a d w i t h dimensions l e n g t h 10 f e e t b r e a d t h ^ 4 f e e t 9 inches 
high at back 2 feejr - 2 i n c h e s , height a t f r o n t 2 f e e t 8 i n c h e s i T h i s innovation 
i s to f a c i l i t a t e emptying the pans. The pans are made i n s i t u i n the alum house. 
The mothers (does t h i s mean only l i q u o r frcan subsequent o p e r a t i o n s ^ ] a r e 
pumped i n each morning and topped up with f r e s h l i q u o r ( i s t h i s the green^or 
f r e s h l y madCj l i q u o r o r i s i t a new batch of added m a t e r i a l ? ) every two hours 
or as r e q u i r e d . 
The pans must be kept b o i l i n g and sedimentation thereby avoided l e s t 
"the pans (be) melted from the c r u s t formed between the l i q u i d and the l e a d , " 
E v e r y morning, the concentrated l i q u o r i s run i n t o a s e t t l e r and a l k a l i n e 
l e e s of a s p e c i f i c g r a v i t y of 1,037 - 1 .OTS added. These l e e s "are -Jeachings of 
k e l p , b l a c k ashes or muriate of potash and the quantity r e q u i r e d i s determined; as 
t h a t r e q u i r e d to reduce the s p e c i f i c g r a v i t y of the concentrated l i q u o r to 
i •1>5» (The s p p c i f i c g r a v i t y of the pan l i q u o r has been p r e v i o u s l y determined 
and i s sometimes as high a s 1 ,45 t o 1 , 5 ) 
The mixture i s allowed t o stand f o r 2 hours then ran o f f i n t o a c o o l e r . 
I f the s p e c i f i c g r a v i t y i s l e s s than or equal to 1 , 3 5 , the l i q u o r i s l e f t 
t o c r y s t a l l i s e ; i f g r e a t e r than 1 , 3 5 , u r i n e i s added to reduce the g r a v i t y t o 
1,35• The l i q u o r i s s t i r r e d and l e f t , 
" I t must be observed t h a t a t a g r e a t e r s p e c i f i c g r a v i t y than about 1 , 3 5 , 
the l i q u o r , i n s t e a d of c r y s t a l l i s i n g , would present us with a s o l i d 
magma reasembling grease." 
A f t e r f o u r days, the l i q u o r i s run back to the b o i l i n g pan and the c r y s t a l s 
are dug out, washed i n a tub, drained i n a b i n w i t h h o l e s and t r a n s f e r r e d to a pan, 
"and as much water added as i s found r e q u i s i t e to d i s s o l v e the whole of the 
alum when i n t h e b o i l i n g s t a t e ; the moment t h i s i s e f f e c t e d , the 
s a t u r a t e d b o i l i n g s o l u t i o n i s run o f f i n t o c a s k s . These casks should 
stand about 16 days as they r e q u i r e t h a t time to become p e r f e c t l y cool 
i n the summer season." 
The c a s k s a r e then dismantled and the "hollow casks of alum p i e r c e d sind the 
•tun l i q u o r ' which comes out i s recycled, t o the pans. She outside of the alum 
i s c l e a n e d and the mass i s then broken up and packed. 
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Winter's account has the advantage of being ffletur^.-written and excepting 
the d i f f e r e n c e s mentioned above can be seen as expanding and b r i n g i n g "up to 
date" C o l w a l l ' s account. Furthermore, h i s account i s supplemented by a l o c a l 
H i s t o r y of Whitby p u b l i s h e d there i n I8l7» The author, the Rev. Dr. G-eorge 
¥oung acknov/ledges Winter, t h e p l a n t Agents George Dodds and Mr, Bathgate and 
i n a d d i t i o n c l a i m s to be i n p o s s e s s i o n of papers on alum belonging to "the l a t e 
Bphraim Jowsey, a noted aliam maker," 
I t i s from t h i s account of Young t h a t the more modem author Turton 
t a k e s h i s d e s c r i p t i o n o f the use o f the alum b o t t l e i n d e n s i t y determination. 
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YOUN&'S ACCOOOT OP 1 8 1 7 . 
Young notes t h a t the ore i s hewed from the top and "dovmwards i n d i f f e r e n t 
f l o o r s o r desses as they a r e c a l l e d t i l l the rock becomes too unproductive to 
be wrought any deeper," The explanation of the word "dess" i s needed to 
comprehend the m a n u s c r i p t s . 
The r e s t of the proc e s s i s d e s c r i b e d as i n Winter's account except t h a t 
only muriate o f potash i s g i v e n as the a l k a l i and Young comments t h a t use of 
t h i s a l k a l i has only become g e n e r a l i n the previous few y e a r s and g i v e s an 
i n t e r e s t i n g time s c a l e f o r the supplanting o f one a l k a l i f o r another f o r which 
he appears t o be indebted to the Loftius p r o p o r i e t o r s , T h i s time s c a l e can 
be summarised a s fo l l o w s 
B e f o r e 1789, k e l p u n i v e r s a l raw m a t e r i a l 
1789, b l a c k ashes (from soap b o i l e r s ) and k e l p 
1794, k e l p began t o be e n t i r e l y ^ l a i d a s i d e 
1801 , muriate o f potash and b l a c k ashes and i n two or three y e a r s , 
the muriate began to supercede the a s h e s . 
Prom 1794, use of u r i n e " f a l l e n i n t o d i s u s e " , Jyxfo<'y^1»o«?tu f a r more 
important to the understanding of any of the working on alum i s given when 
Young d e s c r i b e s the method of measuring d e n s i t y used i n alvim works, 
"A b o t t l e ... co n t a i n i n g about ^ of a. p i n t ... having a short neck ,., 
i s f i l l e d w i t h d i s t i l l e d water o r c l e a r s p r i n g water ... put i n t o one 
s c a l e and a pi e c e of l e a d i s made e x a c t l y to balance i t ; t h i s i s c a l l e d 
the countei^weight or water-weight. The b o t t l e i s emptied and d r i e d ,., 
counter-weight i n t o one s c a l e ,.. empty b o t t l e i n t o the other and s m a l l 
l e a d shot i s poured i n beside the l a t t e r t i l l the s c a l e s are p o i s e d . The 
s m a l l l e a d s h o t , the weight of which e x a c t l y corresponds to tha t of the 
water which was in the b o t t l e i s c a l l e d 80 penrorweights ... 80 pennyweights 
being equ^3\^ent to 2 ,0 and 1 pennyweight to 1 ,0125 ." 
He quotes Mr. Bathgate as having demonstrated t h a t 50 tons of c a l c i n e d 
•rock w i l l produce 1 ton of f l n s i s h e d alum and i n g e n e r a l g i v e s production a s 
1 ton of alum from 120 - 130 tons c a l c i n a t e . 
Each hundred tons o f alum produced r e q u i r e s 22 tons o f muriate o f potash, 
and f o l l o w i n g Winter, he notes t h a t each pan g i v e s 4 cwt of alum and consumes 
18 b u s h e l s of c o a l i n the h e a t i n g o f - i t . 
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The l a s t s e c t i o n s g i v e a c l e a r p i c t u r e of the d i f f e r e n t operations used 
i n the manufacture of alum from alum s h a l e and an e a r l y breakdown i n t o 
" o p e r a t i o n s " i s found i n C h a p t a l , 
They a l s o i n d i c a t e the problems of the observer who was not d i r e c t l y 
i n v o l v e d i n the manufacture. H i s e r r o r s of d e s c r i p t i o n or of ommission, 
e s p e c i a l l y the l a t t e r , may be due to the e x p e c t a t i o n s he has i n the g e n e r a l 
knov/ledge of h i s readers as much as l a c k of observation on h i s p i ^ r t . 
Although we s h a l l be looking a t the d e s c r i p t i o n s of other authors below 
('6(^ rt-0t«MA K:H9>ij?f ) mainly f o r t h e i r chemical understanding, we can now look 
d i r e c t l y a t the accounts of those who managed the North Y o r k s h i r e works and we 
have u s e d U r e ' s "KH±HB u n i t operations" ( s e e page'77 ) to s i m p l i f y and "order" 
the manuscript m a t e r i a l 
ACCOUNT OF THE PARTICIPANTS. 
Sou r c e s , 
T h i s account r e l i e s maihly on two s e t s of manuscript m a t e r i a l , 
a ) The Baker*»Baker papers which are f a m i l y r e c o r d s of the Baker f a m i l y of 
Elamore H a l l , s i t u a t e d between Murton and Hetton-le-Hole i n the county of Durham, 
These manuifaripts are kept i n the Department of Palaeography and Diplomatic, 
U M v e r s i t y of Durham^and a separate volume catalogues the alum papers. These 
papers c o n s i s t of correspondence e s p e c i a l l y o f the agents, c o s t r e c o r d s , monthly 
r e p o r t s , o c c a s i o n a l membranda and 'alum accounts' ~ a l l r e f e r r i n g to Boulby 
Alum works, 
b ) The Z e t l a n d ( L o f t u s ) papers vAiich a r e f a m i l y records of the Dundas 
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f a m i l y ( l a t e r L o r d Dundas, E a r l of Z e t l a n d e t c . ) whose i n t e r e s - ^ s t r e t c h e d i n t o 
S c o t l a n d and elsewhere. The f a m i l y became a s s o c i a t e d with L o f t u s H a l l i n 1840, 
These r e c o r d s a r e kept i n t h e North Y o r k s h i r e County C o u n c i l Record O f f i c e , 
N o r t h a l l e r t o n , and some of the s p e c i f i c alum papers are catalogued s e p a r a t e l y 
but not i n a separate volume. These items i n c l u d e day books, experiment books, 
l e t t e r books e t c . However, much o f the agents' correspondence i s found under 
the correspondence r e c o r d s of the r e l e v a n t member of the Dundas f a m i l y . These 
r e c o r d s r e f e r to the L o f t u s Alum works, although the f i n a l l e t t e r from Towers 
to Westgarth i n s t r u c t i n g him to commence winding up Boulby i s a l s o i n these 
r e c o r d s , SSnce there were a number of alum works on the North Y o r k s h i r e 
co a s t and i n l a n d , i t would be u s e f u l to survey these b r i e f l y . 
Operating P l a n t , 
Dr, Young i n 1817, l i s t s 23 s i t e s connected w i t h alum manufacture- i n 
what he c o n j e c t u r e s i s the c h r o n o l o g i c a l order of t h e i r commencement;" He does 
not always g i v e dates o f commencement, and often r e f e r s to [h^ffs having been i n 
operation "20 y e a r s " ( s a y ) or having c l o s e d down "12 y e a r s ago" - or worse -
were i n production "more then ,.," Per t h i s reason, i n t h i s a b s t r a c t , any date 
c a l c u l a t e d from these b e g u i l i n g data i s u n d e r l i n e d . Any year not u n d e r l i n e d i s 
quoted- d i r e c t l y from Young (a,map copied from Young's "Hist o r y " shows the l o c a t - ' 
i o n , ( s e e page'iT ) 
S i t e 
3« Sandsend 
4. OMPeak 
5. Boulby 
6. Lofthouse 
7. Peak 
8 . S a l t w i c k 
9. L i t t l e b e c k 
1 0 . C a r l e t o n 
13» Rockhole 
i 7 6 5 « 1772 
15• Hobb Wood (remains of mine 
1 6 , K i r b y i n - 1730 
C l e v e l a n d 
1 7 . K e t t l e n e s s , 1728 « 1736 
1742 « 1754 
1767 « 
Duration of 
Operation 
P r o p r i e t o r s Present 
P o s i t i o n 
(18IJ7) 
P i n a l 
Closure 
1595 - 1620 C l o s e d 
1600 - 1620 L o r d d'Arcy Closed 
1615 - (Lord Mulgarave) "Prospers" (1867) 
1615 « 1618 C l o s e d 
1615 *• (Baker&Jackson) "Respectable 
works." 
(1871) 
1615 - (Dundas) " F l o u r i s h i n g " (1863) 
1615 - Cooke (Mai.l:insons) "Operating" (1862) 
1649 « 17O8 
1755 - 1791 
Chomley 
Cookson 
Closed 
1660 - 1809 Jack sorv^Danby 
R i d l e y 
C;losed 
1680 - 1774 Capt, P r e s s i c k Closed 
l 6 8 0 - > ? Closed 
1680 ? Closedl 
168O - 1686 Closed 
168O - 1720 John H a l l C l o s e d 
heap ; doubrful $f alum made here) 
C l o s e d 
Ambrose Newton 
Lord Mulgrave Prospers 
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18, Osmotherly 1752 « 1772 
19. Stoupe Brow 1752 -
20, E s k d a l e s i d e 1764 -
21. aodeland 1765 - 1805 
Banks 
22 , Ayton 1745 - 1771 
23 . Guisborough 1766 - I8O4 
C l o s e d 
( M a l l i n s o n s ) 
J . Yeoman 
R. Jackson 
S c a r t h / T h o r n h i l l C ItfSeA 
Close<l 
38 
(1817) 
(181?) 
The f i n a l c l o s u r e dates are those given i n a very u s e f u l t a b l e on " P r i n c i p a l 
Alum Works"; P e r i o d s of Operation" i n "Cleveland I n d u s t r i a l A r c h a e o l o g i s t 
No. 2 !\1975)"* That two works should be l i s t e d on c l o s i n g i n 1gl7, the y e a r 
of Young's book i s probably due to the p r i n t i n g d e l a y . The bracketed information 
on p r o p r i e t o r s i s from a memorandum of the agent of Boulby Alum woiks - Gteorge 
Dodds ( s e e below) dated I5th March 178O. 
Thus th r e e data p o i n t s are i n c l u d e d i n the t a b l e and we can see that both 
p l a n t s u r v i v a l and ownership were a r i s k laden b u s i n e s s . One of the 
i n t e r e s t i n g demises i s t h a t of Cooksons p l a n t , Cookson being a noted g l a s s 
manufacturer i n South S h i e l d s who was a b l e to use h i s waste as a l k a l i (see 
below page (^X) • Some of the information i s not wholly c o n s i s t e n t with other 
sources - No 8 - according t o Young - was commenced by S i r 0ryan Cooke and i s 
" s t i l " c a r r i e d on by Messrs. Cook; y e t Dodd's /7^0 memorandum shows Mallinsons* 
as p r o p r i e t o r ; No 20 i n 1780 was owned by Yeoman but by I817 the co-partner of 
Baker- Ralph"-'; J a c k s o n - was i n v o l v e d here a l s o ; No 23 according t o Young, co u l d 
be c o n s i d e r e d a re-opening of No 1 and No 11 i s probably not a separate works 
s i n c e i t s l i q u o r toas b o i l e d a t Sunderland. 
However, change of ownership or p a r t n e r s h i p can be seen i n terms of 
investment and the number of p l a n t s i s not as good a guide t o production as the 
"No. of pans drawn," ( f o r production of p l a n t s see pagej-.^S-owalW 
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A more u s e f u l guide to continuance of p l a n t s i s the s u c c e s s i o n of agents 
or managers. 
P l a n t Manager i n North Y o r k s h i r e , 
The p r o p r i e t o r ' s agent o f t e n had t o deal with more than the alum works. 
He would o f t e n be i n v o l v e d i n the management of farms nearby but t h i s s i d e of 
h i s work does not, d i r e c t l y , concern us h e r e . The agents of the two alum works 
f o r which we have records demonstrated c l e a r l y t h e i r managerial p o s i t i o n s i n 
regards to the alum works as we s h a l l see below. The f a c t t h a t t h e i r 
correspondence o f t e n c o n s i s t e d of r e p o r t s on s t o c k s , usage and accurrence 
i n d i c a t ^ h a t t h e i r p r o p r i e t o r s v/ere i n t e r e s t e d i n the operations i n v o l v e d i n the 
A' 
process a l s o and o c c a s i o n a l l y i n v o l v e d themselves more i n t i m a t e l y , (see pa'^'-^;^ ) 
T h i s p o s i t i o n of manager i s i n t e r e s t i n g i n i t s e l f . We regard the r i s e 
of the "managerial c l a s s e s " as a modern phenomenon and i n the h i s t o r y of 
chemical i n d u s t r y we are prone to meet e n t e r p r e n e u r s ^ develop^ of processes and 
owner managers but the i n d i c a t i o n s i n these records seem t o point to a 
management group who were no^owners or entrepreneurs and who delegated p a r t 
of t h e i r f u n c t i o n to c l e r k s , alum makers, liquormenfl e t c . but were i n charge 
of production, s h i p p i n g , buying, h i r i n g and f i r i n g and developing the works. 
The managers d e a l t d i r e c t l y w i t h each other on many i s s u e s and appeared to 
form a c l e a r group as i l l u s t r a t e d by the r e p o r t of one Bartholomew Rudd on 
the L o f t u s Works where he remarks on the " u n s o c i a l " nature of the then agent 
James Farquahson and c l a i m s t h a t "other agents" r a r e l y speak with him, Dodds 
f r e q u e n t l y r e f e r s to c o n v e r s a t i o n s w i t h other agents on t e h h n i c a l and other 
m a t t e r s , " 
The evidence of t h e i r f u n c t i o n can be seen below when the process and i t s 
economies a r e d i s c u s s e d but to give a frame of reference the s u c c e s s i o n of 
managers w i l l be t r a c e d here - i t being understood t h a t the evidence i s 
incomplete i n t h i e r e s p e c t s i n c e only^one c a s e i s there a c l e a r appointment 
and i n no case i s t h e r e a r e s i g n a t i o n or d i s m i s s a l . The nearest approach to 
a " d i s m i s s a l " or perhaps redundancy i s found i n the l e t t e r of Tower to 
Westgarth i n d t r u c t i n g him to commence winding up operations at Boulby, 
ko 
Ralph Ward i s the f i r s t i n d i v i d u a l we f i n d w r i t i n g to Baker, then a t 
Blxford, concerning the s t a t e o f the works i n 1743 but Ward had other i n t e r e s t s 
and does not f e a t u r e as a correspondent t h e r e a f t e r . He was i n f a c t a p a r t n e r wit! 
C'onyers and subsequ'ently Baker and vi&s a c t i v e i n promoting the c a r t e l ; 
subsequently he s o l d h i s q u a r t e r share to Jackson,' ' 
Thomas Wa r d e l l i s f i r s t encountered i n correspondence with Baker i n a 
' l e t t e r o f \1Sli?and remained a s manager u n t i l h i s death i n 1772,^'^^ 
G-eorge Dodds was appointed manager on 10th J u l y 1772 ( s e e the " c o n t r a c t of 
employment" on page (!^|| ) but h i s c o n t a c t w i t h the p l a n t appears to 
s t r e t c h back t o I (."do'-where he i s mentioned by W a r d e l l , H i s correspondence can 
be t t a c e d t o t h e end of the eighteenth century, and we f i n d l e t t e r s to him from 
the L o f t u s manager W i l l i a m Usher i n 1809, ' I n 1817, both George Dodds and 
George Dodds J n r . appear as s u b s c r i b e r s to Dr. Young's H i s t o r y of Whitby and 
i n 1823, Bains " D i r e c t o r ^ " g i v e s George Dodds a s agent to the alum works a t 
Boulby. ' . 
This' p e r i o d of 68 y e a r involvement ( l 7 5 5 - 1823) and 51 y e a r s as manager 
(1772 - 1823) vdth the l a s t day mentioned i . e . 1823 not n e c e s s a r i l y a t e r m i n a l 
one - seems an u n l i k e l y term of s e r v i c e f o r one man and i t seems reasonable to 
suppose t h a t a t some point around, say 1804, George Dodds J n r , took over. The 
c h o i c e of I 8 0 4 r e l i e s upon the contents of l e t t e r s about x H x i S t i f t h a t time 
concerned w i t h D o d d S ^ ^ e a l t h and i s s p e c u l a t i v e s i n c e u n l e s s a t h i r d 
g e n e r a t i o n i s i n v o l v e d , he appearft'^to be a c t i v e i n 1817 . 
George Westgarth appears as c l e r k to the alum works i n 1823 but seems to 
have become agent by June I 8 3 0 , He i s l i s t e d a s agent i n liVhite's " D i r e c t o r y " 
o f 1840 and i s t h e r e c i p i e n t o f the l e t t e r from Mr, Thomas P o r s t e r dated 9 / 1 / 1 8 6 9 , 
inMBilKsting him to commence c l o s i n g do?m the works. I n view of I871 being given 
as the y e a r when the works c l o s e d ( s e e above pageSfe) i t seems th a t the "running 
down" p r o c e s s must have i n c l u d e d c a l c i n i n g and processing any raw mine a l r e a d y 
bared, and even When the time seems e x c e s s i v e . T h i s l e t t e r i s reproduced on 
page VQs. • Westgarth's r e p l y i s a l s o i n t e r e s t i n g i n t h a t he r e v e a l s the meas-
u r e s he has taken to t r a i n h i s son to take'over from him. Hie son, Thomas,. 
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had been alum maker s i n c e I867 f o l l o w i n g the death of Thomas Dodds - i s t h i s a 
r e l a t i o n s ? 
The L o f t u s r e c o r d s r e v e a l the f o l l o w i n g sequence of managers, 
J . Readhead appears as manager i n the y e a r s 1766 - 1 7 ^ ^ 
James Parquahson i s manager i n the y e a r s 1777 to 1785, although the l a s t 
l e t t e r to Farquaharson seems of d i f f e r e n t c h a r a c t e r to the others which terminate 
i n 1783 . N e v e r t h e l e s s , i t was r e p o r t e d t h a t Farquaharson had annoyed h i s 
employer. S i r Thomas Dundas, who was seeking a replacement and although Dodds had 
opined .,,"1 suppose t h i s w i l l blow over and they w i l l not Parlkv..." there are 
no f u r t h e r l e t t e r s , 
Thagas Napper appears as agent i n 1788 and h i s correspondence continues 
\ ^ 
through 1794 . I t i s of i n t e r e s t here t h a t a L i e u t e n a n t Thomas Napper makes an 
appearance i n . a l e t t e r of 1782 from which i t appears t h a t he i s beholden to 
S i r Thomas f o r h i s commission. The handwriting i s s i m i l a r and only one i n j l e y ' 
e n t r y i s made under the name o f Thomas Napper. 
Apart from on l e t t e r from Losh, % l s o n and B e l l to John W. Wal^^r i n 1802, 
concerning potassium c h l o r i d e which t h e r e f o r e e s t a b l i s h e s him as manager a t t h a t 
time, there appears to be a d i s t i n c t gap i n the r e c o r d . 
W i l l i a m Usher appears a manner from I807 through 1816 although a l e t t e r from 
Alexander Tod of t h a t March i n d i c a t e s t h a t Usher i s i l l and unable to discharge 
h i s d u t i e s t o the e x t e n t t h a t the farm l a b o u r e r s are n e g l e c t i n g t h e i r onn, 
Alexander Todd appears a s a c t i n g agent i n I816 and appears again i n 183O 
lAiere he i s c a r r y i n g out i n v e s t i g a t i o n y e t the manager l i s t e d i n t h e d i r e c t o r i e s 
of 1823, iSSU^and 1840 i s W i l l i a m Hunton. 
I n the case of the other p l a n t s , o c c a s i o n a l mention of the eighteenth 
century managers can be found i n the correspondence and i n the nineteenth century 
the d i r e c t o r i e s ^ such as those mentioned^above a r e h e l p f u l , Ure a l s o acknov/ledges 
one Mr. S c a n l o n , agent,6b IfTt^ H ^ l W ^ ^ 
However, the e s s e n t i a l work remaining^which i s too v a s t to be undertaken 
h e r e ^ i s to f i n d the background, r e l a t i o n s t o owners^-': h i s Fec.r:'?iV-©f^eduction 
e t c . o f tlfi-s e i g h t e e n t h century managerial group. The above note w i l l , i t i s . 
hoped, make i t unneccessary to repeat the d e s c r i p t i o n s of these gentlemen i n 
the account f o l l o w i n g other than t o g i v e t h e i r names. 
Alum Making 
(a)HlN*H«i^:^ , 
The removal of the sandstone o v e r l y i n g the alum s l a t e s was the f i r s t 
p r a c t i c a l requirement. T h i s m a t e r i a l was g e n e r a l l y c a l l e d "Rubbish" as Winter 
re c o r d s (page ) . 
T h i s "Rubbish" was hov/ever the main b u i l d i n g stone o f the a r e a and was 
exported t o Newcastle, I t was a l s o used i n making the stone c i s t e r n s f o r the 
works. 
Winter c l a i m s i t was brownish r e d and sometimes very hard and "even the 
s o f t e r k i n d of sandstone by exposure to the atmosphere i s found t o grow much 
harder so t h a t i t i s very u s e f u l i n b u i l d i n g . " 
F o r t h i s r e a s o n , there would seem a t f i r s t t o be more than one way to 
i n t e r p r e t the follov/ing e n t r i e s i n the monthly r e p o r t s o f George Dodds, 
( a ) 12 June 1781 L e t t s e t out t o - - — F i r t h and Co a p i e c of Rubbish to 
work and pump a t the west end of the Middle G a l l e r y , " > 
or 
(b) "23rd June 1781, L e t t & s e t out to John Dobson & Co a piecejaf Rubbish 
to v7ork i n the bottom Quarry over the main west dess" ^. ul • _ .•". ; 
( c ) "30 A p r i l 1782, i n the course of t h i s month Cleaned the main west dess 
& c o v e r i n g dess by making the mine f i t gor b r i n g i n g to the mine heap and 
got two bar g a i n s o f rubbish f i n i s h e d o f f with Thos« ^v/hich were begun to 
wrot l a s t December and L e t t other two ba r g a i n s o f Rubish to work one i n 
the middle and the other i n the Low G a l l e r y , " 
T h i s i n d i c a t e s c o n t r a c t i n g l a b o u r to do t h i s p a r t i c u l a r job and paying 
the " c o n t r a c t o r " r a t h e r than keeping e x t r a m e n t h e books - a p r a c t i c e s t i l l 
used today - not t h a t t h i s would i n v o l v e any overhead charge as i t would a t the 
present day. I n any c a s e , the me^ would have been on day wage or p a i d by the 
y a r d ( s e e |>flr«^ *-ft>P ) and only p a i d f o r the days r e q u i r e d of them. On the other 
hand i t could a l s o i n d i c a t e t h a t the marked out p l a c e was l e t by Dodds as agent 
and t h a t he r e c e i v e d payment from those who wished to take b u i l d i n g stone from 
t h i s s i t e . Such an arrangement would reduce the works wage b i l l , o b t a i n an 
e s s e n t i a l s e r v i c e and a t t r a c t income a l l a t the same t i m e . 
k5 
Unfortunately Winters comment that the coastal s i t e s f a c i l i t a t e removal of Rubbish 
etc, i s borne out by discoveries of waste deposits on the c l i f f faces. 
The desses mentioned^as Young described the "working face" of the rock 
wail, eaah at different l e v e l s , on ledges^to allow transport of iflaterials 
mined to the Mine heap or the place where i t was calcined. 
Unfortunately the mode of operation mentioned above i s not found i n the 
next few years of the report. I t may be that once the rubbish was removed 
no such further operations would be required for a considerable while. 
However, the "pieces" described do not seem large and in the subsequent reports 
there are innumerable reports of landslides of "Rubbish" and "Mine." 
Landslides were the main hazard of the alum workings although Oltj d^ -' not 
appear to have caused great l o s s of l i f e . This i s a speculation based on the 
fact that i n the managers reports only tw(?*^eaths were reported and, bearing 
i n mind the brevity of the monthly reports, these deaths are recounted at some 
length as for example 
"8 Sept 1784, Vfa. Wales, a labourer at the New Works, was this day 
unfortunately k i l l e d by a piece of mine f a l l i n g upon him from off the 
rock above where he was picking," 
The second death was of Francis Pearson, the liquorman, on 17th January 
1785 {.:e>^ hz-.-Ki -0 * 
The danger of s l i d e s was not merely an i n d u s t r i a l hazard of the alum 
quarry but a danger experienced by a l l those l i v i n g on the c l i f f s near the shore 
as when at Kettleness during the night of December 17th 1829, the c l i f f gave way 
and the inhabitants are said to have spent the night on board the "Henrjr" an 
sdum ship l y i n g offshore. The dwelling houses and alum works were over-
whelmed but the works were restored i n I831, 
Young also records of Runswick 
"... that, about 150 years ago, frhich would be i n l667,'\the vAiole vi l l a g e 
except a single house, sunk down i n one night, the ground on which i t 
then stood, which was to the south of the present v i l l a g e , having suddenly 
given away." \v>\ 
To which he adds 
" I t i s stated as a most providential circumstance that most of the 
inhabitants were than night waking a corpse and that perceiving the 
approaching catastrophe, they not only escaped themselves, but alamed 
the r e s t so that scarcely any l i v e s were l o s t i n the dreadful overthrow," 
The alum shale was broken away from the face with picks and carried by-
barrow to the calcining s i t e s by barrowmen as mentioned above by Wilson, The 
i' 
paths were provided with planks to make the way easier a fact i l l u s t r a t e d by fJaHieif 
w^  remarking on the imminent demise of a nearby c a r t e l breaking plant crows over 
t h e i r not having s u f f i c i e n t "barrow plank" to l a s t the fortnight, 
ROASTIN& THB SHALE, 
The main observation of the other authors i s the immense size of the 
calcini n g heaps. This was c r i t i c i s e d by those who drew attention to the Hurlet 
heaps which were lower. After ColwaU's cl e a r description of the heap broken up 
.IwV&i s e l f contained u n i t , the l a t t e r writers seem to flidge the issue that the 
heap was i n fact many heaps, Dodds reports that 
"27 June 1781 ... finished -fst division of our Mine heap" ^"^^ 
and subsequently 
"26 A p r i l 1782 ,,, begun with the 2nd d i v i s i o n of the Mine heap by setting 
a f i r e i n order to burn mine," 
This f i t s more with Colwall's picture and indicates that the advice of 
e 
Ure to provide continuous supply of mine was i n fact a feature of the mahagment 
of plant long before. 
The following longer passage amplifies the point - the underlining i s my 
own emphasis, 
' j ^ October 1779,^I noii^jjpegin very much to doubt we s h a l l not be able to 
keep a l l our f i r e s i n through the wonter, we have not a force of barrowmen 
at a l l competent to the consumption of burnt mine - the pitmen have already 
brought down two considerable shots of hot mine ~ another shot which we 
dail y expected down i s a l l they can have - t i l l that part of the mine heap 
which i s s t i l l burning i s finished and partly cooled," yq^ 
The situation i n the winter of 1794 must have been as bad or worse when 
Thomas Napper informs Lord IXindas that there was not a barrow f u l l of burnt mine 
at the Boulby new works and not much i n the old works,* 
The cause of the problem according to Dodds,the manager^ was a manpower 
shortage as i s already implcit i n the l a s t quotation. He gives t h i s j u s t i f i c a t i o n 
i n the same l e t t e r quoted above, 
" I do not assure you I have exerted my utmost a b i l i t i e s to prevent a 
reduction which I know w i l l be much to our lo s s but what can be done-
when so much depends on manual labour which i s not to be got," ]^ -\\)^  
The problem of labour shortage i n Dodds' view was not, however, simply 
i n s u f f i c i e n t t o t a l material i n t r a n s i t but that also the 'tempo' or "regularity 
of loading" the heapivas affected, 
"^9 Feb 1780,"^A great l o s s a r i s e s for want of men to carry on the heap 
b r i s k l y for when there i s not a quick succession of mine, the f i r e dwells 
too much i n i t and en t i r e l y destroys or evaporates the fine c r y s t a l s of 
alum - which i t i s intended to generate again - the operation being 
rellarded," 
This explnanation arose from his prior observation that he 
"sorry to observe that we are not l i k e l y to do so well i n making alum 
as l a s t Spring « our mine seems so muc^ burnt."^'tfj^ 
Which seems to support the view of most of the commentators that the main 
•test* of effective calcination was a v i s u a l assessment, 
Dodds reports a manpower increase i n A p r i l 1780 and claims i t has improved 
calcining a great deal, the heap being "the best and briskest I have seen since 
the year 1765" and i n May of the same year (1780) claims that the alum making i s 
going well and that also 
"next to t h i s ... the burning of the mine on which the other so pri n c i p a l l y 
depends i s likewise doing w e l l . Hands come i n most of which I set on for 
by the mines v;e s h a l l soon get a good and c a p i t a l mine heap,"V^i 
The need for great care i n organising and planning the divisions of the 
heap and supervising the sequence of f i r i n g s and the p i l i n g of the heap i s due 
to the fact that once commenced, a considerable time must elapa< before the heap 
i s ready for use - as evidence i n t h i s entry, 
"5 August 1786, finiahed the taking away a l l the mine ftom the small heap 
made i n the East End of the new works which was bsgass begun 14th Dec 
1785 and finished 24th March l a s t and which contained about 150 p i t t s , " \ l H 
This indicates three months burning followed by an unspecified cooling time. 
Hov^ever, t h i s may be accounted for by the size of the heap. I n a further entry, 
a f i r e was set on June 2nd 1784, kindled June 10th 1784 and finished 7 August 
1785 indicating a t o t a l "calcining and exposure" time of 14 months. 
I t appears that on thi j part of the works processes the commentators generalise-
and s i m p l i f i e d too much and the worlcs^r^-^^i'f was to treat the heaps individually 
rather than adopt some standard calcining time. 
However, evidence for the unusual height of the heaps i s found i n the use of 
gantrees and bridge to^handle material. 
"11 J u l y 1782, set up the gantrees on bridge from the middle high floor 
to the mine, heap," itSll 
The quantity of mine produced by calcining was assessed at thSe no of 
" p i f t s " i t vrauld f i l l and the task of transporting the mine to the ./€<2 C A'<^ ^ pits 
was presumably the task of the pitmen mentioned above who carried the burnt 
mine i n bsrrov;s to the p i t s whichvsere situated close to the calcining s i t e . 
Leaching the Mine A^^The p i t s . 
Some guidance as to the size of the leacing p i t s i s found on a loose page 
at the back of the "Experiment Book 1829" of the Loftus works. 
The "old p i t s " were 72 f t long l 8 f t broad and the depth empty was 3 f t 2 i n 
deep at the deep end and 2ft 8 i n deep at the shallow end. P i l l e d with mine 
"9 the depths were respectively 2ft 6 i n and 1ft 10 i n . This was assessed as giving 
a content of 108 yards of mine (assuming that these depths for mine are depths 
of mine i n the p i t and not the dipstick depths when f i l l e d witli mine i . e . depth 
to top'of mine layer, and ass\iming a trapezoid p r o f i l e jthe cubic capacity of 
mine works out at 104 cubic yards,) 
The note records that i t requires 44 scores of barrows to f i l l t h i s p i t . 
Winter describes the p i t s as usually containing 60 cubic yards of liquor 
(assuming increases i n depth when water added?^and Colwall's dimensions give 
p i t s of about 80 cubic yards (90 cubic yards also on above assessment) v/hich 
required 40 score barrofts to. f i l l them. The small new p i t s had a capacity 
of 36 yards (38 cub yards as above) require 16 score barrows,) 
The great variation ift the possible s i z e of the pi t s does not allow an easy 
check on the ov e r a l l s i z e of the heaps mentioned by the commentators. I n the 
case of the small heaps of 150 p i t mentioned by Dodds, the various dimensions 
above give a v©lume of burnt mine varying from 5700 cubic yards for the small 
pi t through 9000 cubic yards for "Winter's p i t " to 15,600 cubic yards for the old 
p i t s at Lpftus, I t i s possible that the bulk of the original heap was twice that 
of the f i n a l heap mb Uj.Lwbi-UmL uf ttrw Pl'-mvL I I H U ^ although the proactice of 
loading the heap a f t e r the commencement of calcining makes the "original s i z e 
of heap" seem an i r r e v e l a n t and posit i v e l y dubious quantity since the material 
was being consumed at the same time as more material was added. 
I n view of t h i s , Ure's figures of s o l i d yards i n the heap appear to be 
ir r e l e v a n t to any discussion of alum making. 
B) Leaching 
There i s no description i n the regular reports of the sequence of rotation 
of the mine or liquor i n the p i t s - i t must again be assumed that the practice 
was too well knoim to the corresponding partner to warrant description. However, 
on the occasion of the new works opening at Swallow Tree Hole i n 1784, Dodds made 
a rar^t) reference to the production of the raw liquors i n the monethly report which 
show the gradual concentration by rotation of liquor and mine and i t s testing, 
"200ct 178i^^, f i l ' d one of the new p i t s at New works with burnt mine and 
water to make l^quoT. 
"21 Oct 1784, f i l ' d 2nd p i t t a t Do. 
"27 Oct 1784, weighed the liquor taken from the p i t t l a s t f i l l e d at 
New works and found i t 8d weight." f^ U 
"20 Nov 1784, f i l ' s 3 rd new p i t t with burnt mine and water at New works, 
"22 Nov 1784, empties Do and f i l l e d again with burnt mine and liquor ... 
"23 Nov 1784, run the f i r s t liquor from New works to alvaa house from 
the p i t wrought yesterday weight lOd" 
Taken by i t s e l f , t h i s report gives no definite duration of steeping which 
seems to vary from one to five days, or whether there i s an overall flow of 
water countercurrent to the mine. The term "burnt mine" does not indicate 
whether i t i s fresh from the heap or previously steeped. Indeed, the purpose i n 
giving t h i s information i n the monthly statement must be to demonstrate Dodd's 
Success i n "commissioning" the New Works for whose creation he \m.s responsible. 
I f we, however, consider t h i s report asstiming the "countercurrent flow" 
practice mentioned by the commentators a possible flow route could be as follows: 
(lofiil'yiu) 
1 0 3 
\ 1 I 
faa | i i | i 7 8 u ) 
This i s by i t s nature (tendentious since ther ^ a V f c t of the liquor on 22/tl!/84 
could be p i t ( i ) or p i t ( 2 ) . P i t (2) seems more l i k e l y i n view of the time 
lapse. However the steeping time seems to vary considerably 
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This may be due to the setting up of the new works or i t may be that 
steeping at each point of the rotation %ms taken up to a "preferred weight" or 
that "weighting A^as carried out each day and the liquor transferred, following 
a density being achieved. These are not identical since i n the f i r s t 
case more "analyses" would be required whereas i n the second case a da i l y t e s t 
could lead to a v a r i a t i o n between the "weights" of different batches which seems 
indicated below. The above memorandum indicates that a "weight of lOd" -
pennyifeight - i s suitable for raw liquor. A few months l a t e r i n a l e t t e r of 
4 February 1785» Dodds, s t i l l reporting the progress of the new works, gives his 
guideline for the raw liquor more f u l l y , 
"Oui; liquor from works has been increasing i n i t s weight, the other day 
as high as 15d we have only one instance of the old works exceeding the 
weight, I rent for once at l6d, at t h i s weight i t i s too heavy for making 
alum must be reduced by weaker liquor to about l i d or 12d which gives the 
greatest possible production of alum",IP 
This range of weight i s similar to that quoted by many of the observers eg 
Winter "11^-12 pennyweights" which give corroboration to the fact that the 
observers were to describe a control technique in use i n the industry instead of 
giving a prescription for t h e i r more learned readers (although to be f a i r i t i s 
only very few who give t h i s l a t t e r impression). 
The technique of measuring these "weights" or gravities - the "alum makers 
secret" - i s i n any case described by Young above (see page9V)« i s a simple 
technique to use; a sample could be collected by any operative and either the 
balance - which could possibly be a simple two pan hanging variety - used i n the 
works or the bottle carried to a room used for the purpose. In support of the 
l a t t e r view, one can c i t e the view of the Cleveland Ind u s t r i a l Archeologist who 
discovered at the Boulby s i t e a room which, they believed could be a laboratoryi' 
More s i g n i f i c a n t s t i l l i s the booklet in the Loftus records entitled 
"Experiments i n Laboratory 1805" which i s transcribed i n f u l l as Appendix 1, 
This booklet contains a n\miber of experiments but of direct relevance, here, 
i s the data on pages 26 and 27 which have been copied as pages 51 and 52 of t h i s 
accoxint. This i s a comparison table of alum makers' weights in the f i r s t column -
based on the standard 80 parts - against s p e c i f i c gravity in the third column and 
hydrometer readings i n th6 fourth column. Column two seems to refer to an "alum ^  
makers weight" based on 100 parts - perhaps t h i s was used for a p a r t i c u l a r l y 
large "assay bottle". 
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Certainly the use of a measure with 100 parts i s not recorded elsewhere 
unless the h a l f pint bottle of Colwall containijjj a 120 pennyv/eights of water be 
included. The remainder of the two pages shows calculations needed to convert 
from hydrometer readings to pounds per CuhiPs foot and from alum "weight" - at 
80 parts - to s p e c i f i c gravity. 
The use of the "assay b o t t l e s " i s also of i n t e r e s t since Turmton, describing 
the use of the density bottle i n the same v/ay as Young asserted that "there are 
no notices of any such bottles i n the accounts but assay dishes also called 
or 
profif dishes and purchased from time to time at 4d each .3/6 a. dozen probably 
served the same purpose" and t h i s indicates that the practice was general i n the 
area. Watson claimed i n 1854 that h i s brother possessed a bottle which was 
200 years old. 
The hydrometer readings are apj^o^f^mately 2-g- times the"alum makers weight" 
which indicates that the instrument was almost i d e n t i c a l to the Twaddle hydrometer 
— v i e Ure's statement that "the numer on Twaddle's hydrometer divided by 2.5 give 
alum makers pennyweight." The r e l a t i o n between Twaddle and Mackintosh of the 
Scottish alum works w i l l be taken up below but i t i s surprising that Ure's 
conversion factor above i s found i n his "Improvement" of 1845, I n the f i r s t 
edition of h i s dictionaiy of 183^ he gives only den s i t i e s . 
The densities^ obtained using the "assay bottles" -which were not t o t a l l y 
identical^as shown on p.5 of the "Experiment" book-seem to demonstrate glaringly 
the error of spurious accuracy. The raw liquor tolerance of lOd -I2d i s a 
density range of 1,13 to 1.15 and the very high r e s u l t of l 6 d quoted i s 1.20 
and t h i s i s obtained from a pint sample i n a large p i t - perhaps unstirred 
("steeping") - containing a Burnt Mine sample of variable composition^covered 
with water^which would take some time to r e a l i s e a homogeneous solution through 
the action of natural d i f f u s i o n . 
On closer examination however, we see that the steeping time i s at least 
24 hours and may be much longer as mentioned above. A sample taken at the end 
of t h i s period - by t i e i n g the bottle with t t r i n g and immersing (say) half way 
doTO - would have a f a i r chance of being representative and mixing i s f a c i l i t a t e d 
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over the period of leaching by the rotation of the liquor and mine around the 
p i t system. I f we accept that the samples are representative, then an 
inter e s t i n g picture emerges. 
The p i t s have a capacity of 60 oubic yards - according to Winter - a»tdl. 
difference of one pennyv/eight i n the "weight" corresponds to a change i n 
sp e c i f i c gravity of 0,0125 or a weight change of 1 , 2 ^ ^ i n the mass of solid 
dissolved i n the l i q u o r . I n the 60 cu. yds. p i t , t h i s corresponds to a change 
i n mass of 62,3 X 9 X 1 ,25 X lo'"'^ . ' pounds ( l f t - ^ # : 62,3 lbs; 1 y d ^ ^ 9 f t ^ ) 
i . e , 420,5 lbs or 3.75 cwts. The.same tank containing a liquor at 15d would, 
by the same calculation contain 15 cwts ( 3 / 4 tons) more dissolved s o l i d than a 
li§uor of 12d and the difference betwen 10d and l 6 d represented a t o t a l weight 
difference of 22,5 cwts. 
The Loftus large old tanks^mentioned i n I830^when they were i n use would 
exhibit the above t o t a l weight difference multiplied by a factor of about 1,7. 
I t i s apparent that such weight variations could have a major effect on 
the subsequent steps especially the time required for concentration and amount 
of a l k a l i required. 
I t was suggested by some observers that "used" but not "exhausted" mine 
could be and was i n fa c t , recycled to the mine heap. Dodd's monthly reports 
contain no references to the practice and Todd's investigation i n l830 indicate 
that i t 7ra.s not a common pr a c t i c e . The investigation was either i n i t i a t e d as 
a r e s u l t of the Boulby works prior r e s u l t s or else both Westgarth and Todd were 
working on the same l i n e s . The cprrespondence concerning these investigations 
are worthy of notoi 
I n a l e t t e r of 3 r d September 1830, Todd stated that the experiment to 
determine what quantity of used mine a portion of new mine would impregnate 
was going well and achieving r e s u l t s similar to that shown him by Mr. Westgarth 
where he got 1 part good alum from 8 parts shale as opposed to the usual re s u l t 
of 1 part good alum from 80 parts of shale, 
A further corroboration, i f i t v/ere needed, that a "works laboratory" 
i s t e d at the p'lant,Todd, i n the same l e t t e r , describes how he took his sample 
exi 
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to the alum house and steeped i t . He recorded the solution as 
"very strong i n the sulphate of ammonia and v/hat was very important gave with 
the usual t e s t s no traces of lime or magnesia and comparatively very l i t t l e 
i r o n whowing that these had been dissolved out i n the f i r s t l i x i v i a t i o n , " (Of( 
This indicates the use of at l e a s t spot t e s t s of a qualitative nature to 
i d e n t i f y species and since we also have e a r l i e r evidence i n the 1805" booklet 
of quantitative assessment on alum production using different a l k a l i sources 
(see page 51') i t seems reasonable to propose that s c i e n t i f i c control and testing 
materials was carr i e d on at the Loftus plant at l e a s t between the years 1805 to 
1830 and bearing i n mind that chemical appreciation of the process was growing 
throughout the period (see account of Ure, Knapp etc.) i t seems more reasonable 
to suppose that i t continued beyond 1830, 
The extent of development t r i a l s i s brought out by Watson i n 1854 who 
described many unsuccessful ones of the I 8 t h and 19 th centuries. This i s , of 
course, i n addition to the continuing use of operational controls using density 
which are reported by a l l secondary accounts throughout the remaining l i f e of the 
Yorkshire process ( i . e . up to around 1870) 
SETTLING-
The archaelogical survey makes no mention of setting tanks i n t h e i r written 
account but i n one of the diagrams a group of p i t s or tanks are labelled 
" s e t t l i n g tanks"; 
The liquor pased into cisterns and we fin d mention of a unit called a liquor 
c i s t e r n i n the estimates for the new works -opened 1784. The s e t t l e r i n the 
estimates r e f e r s to a l a t e r step i n the process. Also during building of the new 
works we find a memorandum of 1784 noting that a cost of £ 9 . 1 3 » 0 had been 
incurred i n construction " P i t t s , c i s t e r n s and other buildings." This must 
have referred to the work of putting i n the wood supports and/or l i n i n g the walls 
with clay since the much greater cost of £249*10 ,9 | - i s mentioned i n the previous 
entry to "Space set out f o r P i t t s and Calcining Place,"'^ " Although no mention of 
s e t t l i n g as a unit operation i s mentioned, i n the Boulby accounts, there are 
niimerous references i n the monthly remarks to the cleaing of tanks and c i s t e r n s . 
These operations are mentioned i n the report of the excavations where 
"trades of calcined shale" are found on the c l i f f face. 
There were "three c y l i n d r i c a l c i s t e r n s sunk into the gpound and bu i l t 
of curved sandstone blocks". The middle c i s t e r n had a diameter of about 4 
metres and depth of about 2 m, giving a capacity of 25 cubic metres. The 
author of t h i s account ~ S.K. Chapman - draws a plcruLrSof the problem of digging 
out the c i s t e r n and emptying i t against the prevailing wind. I t seems that 
t h i s operation was either not considered as such or regarded as too obvious 
to mention. The chemical importance of the set t l i n g process i s brought out 
l a t e r by Ure, Knapp et a l ? ^ 
CONCENTRATION OF THE LIQUOR. 
The liquor was brought to the alum house for concentration. At Boulby, 
t h i s was achieved by a culvert leading from the rmk works (at a higher l e v e l ) 
to the Alum house. Again, the part i c u l a r unit operation of concentration i s 
hot emphasized i n the manuscript accounts. 
The liquors are heated i n pans - metal vessels usually made i n s i t u by 
s i t e cralPtsment - and the names given to these pans show a considerable d i v e r s i t y 
with presumably a div e r s i t y of uses. We find, c l a r i f y i n g pans, drivers, slam 
pans and reaching pans. By a sim p l i s t i c process of elimination, we can 
eliminate reaching pans and slam pans as not used i n concentration. I t appears 
from the Loftus accounts that a l k a l i i s added to liquor i n the c l a r i f y i n g p a n ^ ^ 
but i s th i s a f t e r concentration i n the same pans ? The drivers'" have a suggestive 
name i n respect of concentration by «.Yftp.0P*-WHn but without further evidence 
no firm d i s t i n c t i o n may be made. The evidence for concentration as a separate 
step comes once more, from the reports of the "learned authors of Dictionarrei 
of Arts," 
FRSCIPITATION OF THE ALUM POWDER A) The A l k a l i , 
I t was during t h i s operation that ' a l k a l i ' was.added to the liquor to 
precipitate alum powder. The use of the term alkali- i s prevalent i n the 
accounts and perhaps demands some explanation. That the- "alum liquor" was acid 
i s beyond doubt and i t s acid properties were used i n the seventeenth century 
t e s t s for the quality of Urine supplies (see p.a5«;^3 ) , 
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However, the a l k a l i used was weak and was supplanted eventually by a non alkaline 
substance muriate of potash. Therefore although the term a l k a l i w i l l be found 
i n the following account, the mental reservation that i t s purpose was to provide 
potassium ions to the liquor could usefully be made. 
This operation showed the greatest change of the years covered by the 
manuscript evidence i n that the source of raw materials and the i r nature and hence 
t h e i r preparation and control i n use changed. 
The a l k a l i s used i n i t i a l l y were kelp and urine. The extensive use of 
the l a t t e r i s brought out i n the accounts of Young and Colwall. Their allusions 
to human suppliers seem borne out by Watson's descriptions of the methods by 
which urine was collected from houses and farms by pack hors and paid for by 
volume using a standard vessel containing }S(^ o\V&, However, i t seems l i k e l y 
the predominant supply was from animal sources and that arrangements were made 
i n c a t t l e byers to channel and c o l l e c t t h i s commodity. The extensive records of 
"Urine Carriage" with prices and supplies occur continually i n the Boulby cash 
account and the stocks and monthly use of t h i s substance v/ere recorded i n the 
Managers' monthly report. Although the urine was 'alkaline' i n the sense that i t s 
ammonium carbonate content was neutralized by the acid i n the liquor liberating 
carbon dioxide - v7hic}]|was the basis of Colfcyall 's t e s t - i t seems unwise to 
s t r a i n the loose definition given above \ any fVirther since urine supplied ammoniiim 
ion to the liquor and^throughout the time of the joint usage of urLnQ and a 
potassium based alkalijmixed ammonium potassium alum was the product of the plant 
A t y p i c a l 'Urine Carriage' entry i s reproduced on page5^ showing that i n March 
JLU 
179iL d e l i v e r i e s were almost daily and the deliveries of urine were s t i l l being 
noted i n the early years of the new century, 
Kelp,nthe main a l k a l i i n the seventeenth and eighteenth century has been 
the subject of many investigations by economic and technological historians. 
I n simple terms, i t i s made by calcining selected types of seaweed. The 
"as^" produced i s kelp or kelp ashes and by leaching the ashes, a solution called 
kelp lees could be obtained. 
The manufacture of kelp i n Scotland i s weil known and the boom which took 
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place during the potash and b a r i l l a famine i n the l a t e eighteenth century cA i t 
be;, found i n the XKHX records. 
The Dundas family who owned ^he Loftus works could r e l y on t h e i r Scottish 
i n t e r e s t s as i s brought out by the correspondence between S i r Lawrence Dundas 
and Thomas Lindsay vihere the l a t t e r estimates that 82 tons could be produced from 
the s i x ' s i t e s on S i r Lawrence's shores i n Orkney i n the year 1781, 
At about the same era wex fi n d G-eorge Dodds at Boulby corresponding vdth 
Messrs. Knox and Co. of Dunbar, 'Sri^is^xxs. Writing i n 1778, he offers 
£ 4 . 1 0 per ton with the proviso that he will go as high as £ 4 . 1 5 on the "usual 
terms". This cargo appeared to be of 57 tons. 
Such coastwise t r a f f i c was prone to disruption at this time due to the 
a c t i v i t i e s of ^ rfjf(l»I^S.HkJiS who i n 1779 had been sighted along the length of the 
north East coast, 
Boulby was h i t by the, privateers i n 1781 as shovm i n the following 
extracts from the monthly reports for July and August of that year, 
("fiy 31 J u l y ) a French privateer run the V i o l e t on shore. Coal laden a 
l i t t l e below water mark about 200 yards to the West of the outpost the 
privateer people set out boats to get her off - which thej'" could not effect 
then they set about destroying her but were prevented by people f i r i n g upon 
them from the top of Newfell," ^ ( ^ 
I n view of developments i n the use of a l k a l i i t i s interesting to note the 
claim that Lord Normanby's works used kelp as l a t e f a s 1845» 
The Scottish kelp was by no means the sole supjly On September I 9 t h 1778, 
Dodds wrote to Mrs, Baker to inform her that both the 'Scotch' and Creswell kelp 
had a r r i v e d . I n the Vl't'i'^ K^eoA- he writes that 
"Mr, Daniel has now reed the Hartlepool kelp and i t i s agreed that i t and 
the Creswell kelp be a l l at a price without any deductions," •^^0^ 
These l o c a l supplies seem to have been more than simply purchasing a 
commodity, Dodds seems to indicate a greater contractual involvement when 
i n a note of Feb 2nd 1773, he 
"Agreed with Nocholas Hartley to bum kelp on C'reswell Scars the 
ensuing season at £4 ,12 per ton," aXO 
Similar agreements were made with James Cuthbert of Whitburn - Feb 10 th ; 
Leonard Volum of Hartlepool - Feb l 6 t h and Mchard Gates at "Sunderland and 
Riop Scars" - March 1 s t ; and on August 7 t h 1779, he remits £40 for one years 
'rent on C^reswell kelp rocks. 
This l o c a l supply was and continued to be a major source and Dodds notes 
tliat between 19th and. 29th July 1782, he had 
"bought considerable quajitities of kelp on the Durham and Northumberland 
coast." O^O^S 
A much cle a r e r picture of the extent of the available supply of kelp i s 
given i n t h i s extract from one of the notebooks i n the Boulby records. 
"Robin Hoods Bay 20 tons under £ 3 per ton 
Staithes 20 tons £ 4 : 1 0 
Hartlepool 30 tons £2:10 
Blackhall 6 tons £4:10 
Horden 10 tons £4:10 
Seaham 14 to 20 tons £ 4 : 1 0 
Sunderlandj 
I^hope y 
Tftiitburn 1 58 tons £4:10 
Creswell 40 tons £ 3 : 1 0 
Coket I s l a n d 15 tons £ 4 : 4 
Bomar 80 tons £ 4 : 4 
Do 70 tons 
Beadnel 18 tons 
Total 381 tons 
The attitude to supplementary sources of a l k a l i seems ambiguous. On the 
one hand was the scarcity of kelp and i t s high demand. On the other hand, 
a natural caution towards an untried raw material. 7/e see t h i s c l e a r l y i n 
the reaction to Fordyce's " B r i t i s h B a r i l l a " which came on to the market i n 
1780. Dodds had written of Fordyce's plans on 26th February of that year, 
Dodd's comments was that "even the name of i t would be useful i n 
m 
bargaining with the kelp people" and reports l a t e r 
"(Mr Mallinson's agent) apprehends kelp w i l l be more moderate than 
expected as the B r i t i s h B a r i l l a and Hull ashes vri.ll undoubtedly answer 
the purpose of alum making," 
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Nevertheless, there was a var ie ty of a l k a l i i n use i n 1780 as i s shov/n 
i n the memorandum "Enquiries r e l a t ing to several alum works" of 22nd Feb 1780 
(the middle column gives and idea o f the ' s i ze ' or production, capacity of the 
plants and we can"say that a pan produces per mlnth 6 tons according to a memo 
of 15th March 1780. 
Further to t h i s i n a. l e t t e r of May 13th 1780 to Knox and Co. of Dunbar, 
who supplied k e l p , Dodds shows a more complete awareness of a l k a l i supplies 
current ly available although since the l e t t e r i s concerned wi th price negotiat ion, 
i t may be that not a l l the supplies were equally suitable; he wrote 
"We expect the price o f kelp w i l l be much lower than was expected early i n 
the year - many circumstances contribute to t h i s - as the taking o f f of the 
duty on potash and g iv ing a bounty on t h e i r importat ion, the Manufacture 
of B a r i l l a at Shields and the method the G-lass works pursue of b o i l i n g 
down sa l t water which vdth a cheap a l k a l i answers the purpose of kelp 
t^eigKamsR besides the use of sandibar and soap ashes now going forward wi th 
success at three out of eight alum works." J^iX 
He i d e n t i f i e s the three works i n the memo of February 1780 mentioned above 
where he tabulates the information thus.J^J 
Works No. of pans drawn Their Alkaline Mater ia l 
Pe^ 3 Kelp & Sandibar ( s i c ) 
Stow Brow 2 " 
Saltwick 3 Kelp, Sandibar & 
B r i t i s h B a r i l l a 
Eskdaleside 3 Kelp 
Sandsend 5 " 
Kettleness 2 " 
Boulby 4 " 
Lofthouse f i r e s out " 
Saltwick T/as owned at t h i s time by Cookson and Co. v;ho had interests i n 
glass manufacturing at South Shields, I t was natural that they should then attempt 
to use "sandiver" and i n f a c t they had approached Mrs, Balcer of the Boulby plant 
to in te res t her i n th i s product. On her wr i t i ng to Dodds, he rep l ied 
" . . . I note your conversation wi th Mr, Cookson, I have been t o l d of the 
matter they skim o f f the glasshouse furnaces- -they c a l l i t sandibar - i t 
would not answer at Mr, Cooksons Works but I believe they use i t at 
Mr. Mal l insor i along wi th kelp and they say i t answers the end but I should 
not l i k e i t . " 3kSS 
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He obtained a sample of Bnti'?!" %9Jrx\^ i n September of the year. 
By the l a t e 1780's, Boulby y/as using a mixture o f kelp and soapers ashes 
and^of course^urine. I n i t i a l l y , the accounts o f ke lp , ashes and urine were kept 
r i g i d l y separate i n the monthly report but eventually kelp and ashes were 
reported together, (see the managers accounts reproduced on pagesft|^.andJjf) 
SiH MPPMi-.i, IIP i isln^ MiiMjiHi'^  HsliHs Iv 1 iruLi^ jUt! 6U'C I h a iGt to r of ^eSSB 
igaLail ^VLI iDiBosnibor -.1755 (whloh appsors to bo|a DOU-D -cnc time when they f i - r s t 
^8x'(j i i i i f^ M/1lll^ l,^ l^ j^^  
The e f f e c t of using soapers ashes i s brought out i n a l e t t e r of Dodds 
dated 24th December 1785 (which appears to be about the time when they were 
f i r s t introduced.) 
" I have pleasure to t e l l you that the Fox was safely delivered of the 
ahhes the other day and we are now ge t t ing them up the G-in - they look 
exceedingly w e l l . . . the house we have bought them o f f can make about 
240 tons per annum which i s bet ter than 480 tons of kelp so that v*ien 
these ashes come to be generally made and used, kelp must be considerably 
reduced." ' f f i -
On 31st December 1785, Dodds explains that they are using a l i t t l e of the 
ashes and that the "Lees are much mended" by which he appears to mean that the 
ashes are enhancing the g rav i ty of the alkaline solut ion (see below.) 
The consumption of a lka l ine materials f o r 1787 averages at a monthly 
f i g u r e o f 25 tons ke lp ; 7.5 tons ashes and 46 tons urine costing per ton ' 
£ 4 : l 6 (approx) £5:12:6 and 8s6d respectively and i n October o f 1787, Dodds 
records^'* 
"Finished our kelp season 
tons cwts 
Kelp l a i d i n ' 236 12 
Black ashes 110 5 " 
We also know that both these staples continued i n use a f t e r the tu rn of 
the century. I n I 8 O 9 , Vfil l iam Usher, agent at the Loftus wcrks wri tes to 
Dodds as fol lows 
" . , . Lord Dundas has desired me not to dispose of any of the kelp u n t i l the 
month of March next. However, t o serve you as a good neighbour and having 
always found you ready to accommodate Lord Dur^s' works wi th ashes or 
a i S S n g else, I am hippy I have i t i n my.powe'^  to serve your present 
v/ants." 
^ 1 « ^ 
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By t h i s t ime, the substances used by the alum maker ei ther instead o f , or i n 
combination w i t h , kelp and ashes were c lear ly non alkaline products and these were 
the muriate and sulphate of potash, 
A reference to the use of muriate of potash occurs i n 1802 - and th i s i s 
the ea r l i e s t reference I have so f a r found i n the manuscripts - v/here i n a l e t t e r 
Losh o f f e r s Walker(the Lof tus Agent), granulated muriate of potash. 
This corresponds to Dr . Young's date o f I8OI f o r the in t roduct ion o f t h i s 
i d e n t i f i a b l e chemical speciis and since the Loftus works were 
"separated from the Boulby works by a narrow ridge of rock l e f t as a 
boundary by the workmen of the respective p r o p r i e t o r s , " 3 
i t would seem reasonable to suppose that they would operate almost iden t i ca l 
processes and therefore adopt muriate of potash at much the same period. This 
supposition would be strengthened i f the agents v/ere seen i n regular communication 
and the l e t t e r so f a r quoted seems to indicate t h i s to be the case. Furthermore, 
the author o f the above passage the Rev. John Graves, wr i t ing i n I 8 O 8 , having 
described operations at Boulby saw no point i n describing separately the s imi lar 
operations at Lof tus and T/inter groups them together as the most s c i e n t i f i c a l l y 
organised plants (see page 74) 
G-raves however, stated the a lkal ine materials to be kelp and ur ine , whereas 
we know from correspondence already quoted that muriate of potash v/as i n use at 
Lof tus at t h i s t ime . I n the case of Boulby, there are no managers reports f o r 
the period and the vary b r i e f account (annual) of I 8 0 4 refers only to 
"a lkal ine s a l t s , " 
Perhaps t h i s stirLking inconsistency i n the records can be understood i f we 
look, at the o r i g i n of the muriate of potash v/hich was supplied t o Loftus by 
Will iam Lash and his associated 
Will iam Losh, on his biographer's testimony, seems to have been 
educated to the practice of chemistry and chemical industry i n a 7/ay reminiscent 
of that education accorded James Watt's son, 
Losh, i n ear ly youth completed his education i n Hamburg where he made friends 
wi th his " f e l l ow student Alexander von Humboldt." A f t e r spending some time i n 
^7 
Sweden learning the language and metallurgy, he went to Paris and was there 
studying under Lavoisier at the time of the r evo lu t ion . From whence, he returned 
to j o i n his brother and Lord Dundas i n developing a l k a l i manufacture. 
The report o f the B r i t i s h Association meeting o f I 8 6 3 i n Newcastle on Tyne 
contains an h i s t o r i c a l account of the synthetic a l k a l i industry on Tyneside and 
indicate W. Losh and others as commencing a works i n 1796, Various processes 
were attempted among ¥/hichms one 
"founded on the mutual decomposition of common sal t and sulphate of potash. 
This operation was regular ly carr ied on by Mr, Losh and Mr. Doubleday 
whenerer the priOdSji', o f the the two potash sal ts ( r r ' i r l j i f i i i i \? \\\ ' 1 1 
pi-itf. nl-t .^ ^14 .^A) allowed a p r o f i t being made and chloride of potassium was 
as regu la r ly sold to the Yorkshire alum makers," 
This indicates that the supply was i n t e r m i t t e n t , which also seems to be 
i n f e r r e d by a l e t t e r of l 6 t h January 18O8 from Usher to Losh^where^noting receipt 
of an invoice f o r previously supplied muriate, he desires to be advised of"any 
more such on the market. When none was avatildble, there remained the other 
a lkal ine materials and i t appears that f a r from endo^ng Young's orderly and 
sequential progression of a lka l i i ^mate r i a l s - one supplanting the other - the 
available evidence suggests a "mixed" a lkal ine lees . From early times, both 
kelp and ur ine were used together to proddoe a mixed alum, although i t must be 
added that i n the Managers monthly accounts, the usage of kelp and urine were 
accounted separately and stored separately. However, i n these reports , the 
- r 
i n i t i a l subdivision o f the kelp stock account i n to "kelp" and "soapes ashes" 
as 
eventually became a .Hcelp and ashes account' and^mentioned above,in the b r i e f 
annual account of I 8 O 4 , the only commodity accounted i s "alkaline sa l t s . " 
This i s i n t e res t ing since a payment f o r urine can be found as l a t e as 180% 
Winter, i n his above account, also appears to describe the use of a "mixed'b.ees, 
the important c r i t e r i o n i n the addi t ion o f which seemed to be the attainment o f a 
desired decrease i n density i n the alum l iquor - and therefore i n t o t a l dissolved 
k 
s o l i d . The use of the worjic "or" i n h is description would be i n support of the 
idea *hich seems to be borne out by the detai ls of a l k a l i preparation below that 
the d i f f e r e n t substances v^ere leached and dissolved separately and added as 
^8 
available to achieve the required g r a v i t y . Dodds fudges t h i s idea - perhaps 
he negates i t - when i n his l e t t e r of 31st December 1785, he comments that 
"we are using a l i t t l e of the soaped ashes , . , f i n d our lees are much mended." 
Subsequently t o t h i s , Dodds buys ashes and kelp during each season. 
Although the use of muriate and sulphat:e of potash eventually supplanted 
r 
the l i x iv iums of ashes of ke lp , scapes ashes and sandLver, i t i s open to Question 
A 
whether these ear ly supplies of a 'pure' chemical competed we l l v/ith 
the extremely variable and subs tan t ia l ly insoluble "ashes," 
From the l e t t e r of Will iaia Usher to Losh we learn that 
"(24 Dec 1802) the sulphate of potash i s generally such a d i r t y a r t i c l e 
and bad to dissolve that our alum maker does not wish to use i t when he 
can get good muriate." 
A l e t t e r o f 3 May I8IO informs Losh that the alum maker has t r i e d the 
muriate and that sand and a "black matter" are precipi ta ted when he made a "ley" 
TfrrBRTe from i t . Usher goes on to say that his alum maker would prefer a "clean 
sal t" since he can use i t dry, whereas he would need to l i x i v i a t e t h i s impure 
mater ia l t o p u r i f y i t . Later i n 1812, Usher i s complaining again that the 
muriate i s adulterated wi th black insoluble matter and also that i t contain a 
large proport ion of magnesium chloride which in te r fe res wi th the process. 
However, i n the long run , a substance that ?/as predominantly a single 
chemical specie became the sole "alkal ine" add i t ive , although^at th i s po in t , i t 
must have been clear that the object was to add a sa l t of potash to form a 
potassiiim alum. 
By 1854, kelp had been "long since l a i d aside" and "muriate and sulphate 
of potash and sulphate of ammonia are now generally used" - the potash salts 
being obtained from k e l p . Will iam Watson who supplies th i s information i n his 
"G-uide to Suisborough alum v/orks" states that 1 torn of the commercial sa l t 
would produce 4 - 4 ^ tons of alum whereas 1 ton of potassium chloride would be 
expected to produce 6 tons of alum« 
The potassium chloride was obtained from a l i x i v i a t i o n of kelp ashes by 
f r a c t i o n a l c r y s t a l l i s a t i o n . A f t e r the sodium solts had c rys t a l l i zed the 
supernatant l i q u i d was decanted and from i t the crystals of potassium chloride 
-is? 
obtained. The pa r t ly dried product was the commercial potassium chlor ide . 
Ihe ammonium sulphate was obtained from "gas water" fl-om gasworks. 
Since the gas washings v/ould contain dissolved ammonia but not sulphate, th i s 
would a t f i r s t sight indicate scrubbing of the gas wi th sulphuric acid - a 
process s t i l l i n use. 
Potassium sulphate was at th i s l a t e r stage obtained from adding sulphuric 
acid to commercial potassiiim chloride although i t had previously been obtained 
"from the v i t r i o l makers." 
By 1862, according to the report of the B r i t i s h Association, meeting of 
that year, mentioned above, only one plant T/as producing potassium alum - the 
others produced the cheaper ammonia alum. 
ftj THE PREPARATION AMD APPLICATION OF THE ALKALI. 
ASHES ( l ) The kelp ashes were placed i n p i t s and water poured over them. 
A f t e r a t ime, t h i s was drained and more water added. The solution produced 
cal led kelp lees was s tored. The p i t was r e f i l l e d vdth v/ater, ^diereupon the 
ashes v^ere "turned" to present f resh surfaces to the solvent and the steepings 
continued u n t i l the ashes were exhausted. Dodds records these operations as fol low 
"Finished steeping our kelp ashes f o r the Spring season 
Lees- came as fo l lows 
1st time weight 3d 4x do and 1st a f t e r turning 3 ^ 
2nd do 2 ^ 5x do and 2nd do 2 
3rd do 2 6x do and 3rd do 1" 
I t appears that t h i s density control carr ied out on the solution i n the 
uns t i r red p i t s served to inform the operatives both when to "turn" the ashes and 
when to discard them. The tests prevented the expenditure of water and employee 
hours on an exhausted "ash"^and also prevented the discarding of soluble s o l i d ^ 
y/hich would have resulted i n errors^could be cumulative since excess water would 
cause f u r t h e r d i l u t i o n of the lees and rei juire more heat i n subsequent evaporations. 
This cont ro l led system could obviously cope bet ter than a " f i x e d number of 
Tiashings" - wi th the variable composition of the kelp as can be c lear ly seen i n 
Dodd's account of an unusually r i c h kelp of which he noted i n a l e t t e r dated 
at 
March 1783 that the "lees came o f f / t h e amazing weight of Ssd," 
The f u l l record i s included i n the monthly account, 
"Memb of the steeping of kelp ashes t h i s season 
1st time steeped lees came out at 5th time and 1st a f t e r turning 3 i ^ 
2nd " 1+j 6th 2nd 2 
3rd zi 7th 3rd 4 ^ 
4th r \ \ 2 8th 4th 1 ^U) 
I n t h i s case, 8 washings were required as opposed to 6 above or, i n other 
words, the r i che r kelp required 33^ more water. The t o t a l volume of lees collected 
showed i n both cases a density between 2d and 3il or a t o t a l dissolved so l id of 
about 30 grams per l i t r e . 
With the potassium salts representiing^pbout 30^ of the dry weight of the 
ashes and about 6C^ of the t o t a l dissolved solids we could expect a concentration 
of potassium "salts" of about 20 grams p e r . l i t r e . The ,potassium xon 
concentration would be somewhat l ess . 
7 / 
( 2 ; From Dodd's comments above, we are led to expect that he assessed the 
soapers ashes as, weight f o r weight, twice as e f f e c t i v e as ke lp , although there 
i s no record o f any "steepings" of the ashes (For Winter 's analysis, see page f J} , . 
(3) The use of "sandibar" or sandiver i s more mysterious s t i l l . Dodds 
d id not have any f a i t h i n i t j, and Knap;^ analyses indicate tha* i t contained only 
traces o f potash, although the w r i t t e n conclusion indicated a possible 
potassium concentration of appreciable s ize . 
(4) The technique involved i n the use of potashes and b a r i l l a i s /7»w!i€r4 
mentioned, however, a record exists of the purchase of a "small cask" of Pearl 
Ashes, and i n a l e t t e r of Dodds, he i s found quoting at second hand that Lord 
Mulgrave's agents have reported "that the Spanish war ( i s ) preventing them 
from having the B a r i l l a Ashes as before" which l e # i to Lord Mulgrave's works 
using k e l p . 
(5) Muriate and Sulphate o f Potash 
These were r e l a t i v e l y pure c ry s t a l l i ne salts compared to the more variable 
potashes. The most important consideration raised here i s t h e i r appl icat ion 
as sol ids d i r e c t to the alum l i q u o r . As Usher out l ined a^ove i n his l e t t e r s 
to Losh, both methods were considered - s o l i d and lees - but the alum rwauk^r 
preferred to use the dry s a l t and i t was f o r t h i s reason that the presence of 
insoluble matter could not be to le ra t ed . 
An i nd i ca t i on o f the use of the dry sa l t i s found i n a report of a series 
of invest igat ions of 1810 wherein i s described the basis of drawing up a table 
to assist the alum maker i n weighing out the "correct" quantities required. 
The table XEi^stssi. related the mean depth of the pans to the quantity of dry-
sal t to be added - mean depth since the pans sloped at the bottom to f a c i l i t a t e 
the removal o f the contents. 
I n the words of the author of t h i s report 
"The table i s constructed f o r the c l a r i f y i n g pans i n the old house f o r ^ 
to guide the alum maker they are cohstructed from 20-24" mean depth ascendiri 
from 20-24" and are calculated on the pr inc ip le that l 6 ^ lbs of muriate * 
i s to be added to every 100 gal ls of raw l iquor at I2d and as the alxm. 
maker cannot always have the pan precisely the same fu l l ne s s , room i s 
given him by the table - f o r example, i f the mean depth of a pan i s 2 1 " , 
there i s 597^ galls i n i t and w i l l take 97 lbs 7 ozs of muriate, should 
7Z 
another pan be f u l l e r suppose 22|-" mean depth of l i quo r the quantity i n gallons 
w i l l be 6326 and w i l l require 104 lbs 6 ozs muriate,"^-27^) 
The addi t ion of dry sa l t raised the density of the l i q u o r . On 26th Feb, 
1810, t h i s r i s e was assessed at f cvrt. The addi t ion of kelp lees, as noted 
above, reduced the density o f the l iquor (see page3*l). Thus, the use o f the diy 
s i l t would lead to a lower f u e l cost during the evaporation stages and when the 
mothers were recycled. According to Ure, and the other commentators, the 
concentration.^ stage preceded the addi t ion of the a l k a l i but i n th i s inves t iga t ion 
of 1810, a d i f f e r e n t p r a c t i c e . ^ ' that of adding fjife a l k a l i to the pans before 
heating—seems indica ted . 
The inves t iga tor notes that 7509 ga l l s of c l a r i f i e d l iquor v/ere dosed wi th 
a l k a l i g iv ing a f i n a l weight of 13? cwt. This was run in to I8 pans and boi led 
up to 211- cwt and a f t e r being l e f t f o r 3 hours wi th " f i r e s v/ithdrawn and furnace 
doors open" was siphoned i n t o the coolers vfhere the f i n a l quantity of l i q u o r was 
4162 gallons and he notes that 3347 ga l l s were los t by evaporation during the 
b o i l i n g operation which took 205- hours. 
These resu l t s seem to bear out the need to avoid too great a d i l u t i o n of 
the solutions and the cost of evaporating 3347 ga l l s or /J) tons of ij)o^^ • i n 
terms of coal consumption alone must have been s u f f i c i e n t l y great at the optimum 
weights f o r the so lu t ion . The cost of such quantit ies of coal must have 
increased enormously as the demand f o r coal mushroomed during the course of the 
nineteenth century and served to reduce the p r o f i t a b i l i t y and eventually the 
v i a b i l i t y of the process. I t i s worth noting here that the basis of a l l Peter 
Spence's early patents v/as to produce a l i quo r subsequent to calcinat ion of the 
shales "so as to be able to c rys t a l l i s e without any supplementary evaporation, 
and i t was the f i n a l success of the Spence process coupled wi th the geographical 
peoximity of his works t o the consumers of the alum which led to the f i n a l demise 
o f the North Yorkshire worfcs and u l t ima te ly the Scott ish works, 
WASHING AND RECRYSTALLISATION 
There i s l i t t l e information i n the records on the technique of washing and 
r e c r y s t a l l i s a t i o n of the alum"powder" produced i n the las t process. 
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I t i s noted i n the above inves t iga t ion that the crystals produced i n the coolers 
vrere of f i n e hard clear alum and tha t the "mothers" - l iquor drained o f f weighed 
I'll 
19 cwts - a drop o f 2 cwt from the l i quo r when boi led up. 
I n the use of furnaces f o r c l a r i f y i n g or concentration dnd during reaching 
or r e c r y s t a l l i s a t i o n , one f inds a dearth of de t a i l i n the manuscripts. 
However, the secondary sources provide scane usefu l information at second 
hand v/hich give some c l a r i f i c a t i o n , 
LIQUORS 
Ure, i n his supplemental work "Recent Improvements i n A r t s , Manufacture 
and Mines" quotes Maurice Season - described as having superintended f o r 
some time the alum works o f Lord Mulgrave - as the source of t h i s l i s t of l iquors 
found i n use on the alum v/orks. Although we have encountered some of these 
l iquors previously , r epe t i t i on serves to reinforce the information contained i n 
the manuscripts and relate the two f i n a l processes to the previous ones. 
We have already met 
Raw Liquor weighing 9-''0d and produced by steeping the calcined shale 
in"water" 
C l a r i f i e d Liquor wafighing 10-1Id made by b o i l i n g the raw l iquor i n lead 
pans and leaving i t to stand u n t i l c lear . 
However, i n Scinlon's account, the l i quo r to which the a l k a l i i s added i s 
a c l a r i f i e d l i quo r o i l ed down to 25-30d. The potash i s then added and the 
solut ion run i n t o coolers to c r y s t a l l i s e and the l iquor BBmaining pumped away. 
The l i q u o r which corr spends to the "mothers" of I9d above i s c a l l ed the 
Alum Mother Liquor , 
The crys ta ls were then washed twice in v/ater and the Alum Washing col lec ted . 
The f i r s t washing was assessed at a weight of 4cL and the second at 2 | d , 
Two other l iquors are mentioned which are not of direct relevance here} 
the so-called Concentrated Liquor could be obtained by bo i l i ng down the c l a r i f i e d 
l iquor to a weight of 20d. This was, according to ScaAlon, kept f o r the 
purpose o f t e s t ing the a l k a l i . 
The Salt Mother was the l i q u o r remaining a f t e r the alum mothers were boi led 
down to a " c r y s t a l l i s i n g po in t " . The crystals produced were Rough Epsoms, a 
byproduct of alum making which i s considered wi th Slam below, 
FURNACES 
The heating of l iquors i n North Yorkshire ??as carr ied out by di rect heat 
applied to the bottom. Although the use of surface evaporation by means of a 
form of reverbatory furnace was the normn i n Scotland, ?/atson comments that no 
advantage had been shown when th i s technique was used i n England, 
A method which seems to combine both techniques was described as being • 
used i n Yorkshire around 1815 hy Robertson Buchanan i n his book "A Treatise on 
the economy of f u e l and management of heat," published i n Glasgow i n that year, 
Buchanan notes that 
"An important improvement has l a t e l y been introduced . . . by means of which 
. . . ( there i s ) . . . a great saving of f u e l , . . the process i s much f a c i l i t a t e d 
and i t s r a p i d i t y grea t ly increased," 
v/hereby the simple means of placing a 4" pipe wi th 
" i t open mouth a few inches above the surface of the l i q u i d . . . (from where 
i t ) . . . descends nearly to the bottom of the b o i l e r . . . (and) . . . out of 
the side i n t o a short f l u e " 
t h i s 
"communication between the surface of the l i quo r and the chimney . . . which 
. . . (has) . . . a strong draught, answer the double purpose of lessening the 
pressure of the atmosphere and carrying o f f the steam as fast as i t r ises 
to the surface," 
ROACHING 
This f i n a l step i n the process produced the f in i shed a r t i c l e - saleable 
alum c ry s t a l s . Once more, i t i s d i f f i c u l t to obtain process detai ls i n the 
records although many items exis t shovdng the amounts of alum reached (page 15 ) 
comparative f igures f o r alum production (page'/f-b) and an attempt to quantify the 
re la t ionship between the mass of alum produced and the raw materials used, 
Howver, t h i s f a i r l y simple r e c r y s t a l l i s a t i o n i n which the alum pov/der was 
dissolved i n the minimum quanti ty of v/ater required to dissolve i t at the bo i l i ng 
y 
point of the saturated so lu t ion produced i s described f u l l y i n the other accoiin-Jj, 
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Watson explained the development o f -a-.T5Ygt lead l ined casjts as being due to 
the improved appearane of the crystals and the greater ease of the i r removal 
from the metal surface. 
The l i q u o r l e f t i n the reaching cask a f t e r r e c r y s t a l l i s a t i o n i s cal led 
Tgn Liquor and i s recycled to j o i n the Alum Mothe^ i n •^.ft-i f u r t h e r p rec ip i t a t ion 
step, 
CONTMPORARY APPRECIATION OF THE PARTICIPANTS AS SCIENTISTS, 
Before completing t h i s account-based on the manuscripts of the part icipants 
themselves^ a l l that remains i s to discuss cer ta in matters which although 
important, do not involve the control of alum making - i t i s worth noting that 
Winter above, whi l s t bemoaning the a t t i tude where 
"Every suggested imporvement i s considered as an innovation by the i l l i t e r a t e 
, . . (and i t i s ) , . , more easy to remove mountains than long established 
pre judices ," ^9t7) 
remarks tha t 
"The alum works tha t approach the nearest t o the true chemical pr inciples 
are those of the Right Hon. Lord Dundas and Messrs. Baker & Co," 
and he summarizes the ways i n which they demonstrate the i r super ior i ty 
"They use no urine i n these works - the alum l iquor i s always c l a r i f i e d 
previous to i t s being used - they use no a l k a l i generally but c rys ta l l i sed 
muriate iifui'iuLi>-of potash - greater economy i s observed i n the consumption 
of f u e l and the result i s a product of alum considerably larger and of ^ ^ 1 
be t t e r q u a l i t y than can be produced by the works established i n the o ld plan," 
Although one may wish t o qua l i fy^ to some l i t t l e extent^the views thus expres-
sed, one must conclude that the mahuscripts of these two works so for tunately 
preserved;^; o f f e r ample evidence of the meticulous and ra t iona l organisation o f 
the two works. 
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UBE'S ACCOUNT OF 183Q^  
This account by the well-known chemist and compiler, Dr Andrew Ure, 
( 1 7 7 8 - I 8 5 7 ) appeared i n h i s "Dictionary of Arts Manufacturers and Mines", 
published i n 1839« This compilation ran through several editions i n which i t 
was progressively brought up to date and was popular enough to be published i n 
further editions a f t e r Ure's death, e«g. i n 1861 there was a new edition, 
edited by Robert Hunt. 
As an accotint, i t i s much more crisp and businesslike than those previously 
mentioned - as b e f i t s a dictionary entry. Although he no doubt uses previous 
a r t i c l e s (e.g. he gives the same figures as Wilson for the production of alum 
from s c h i s t - 1 ton from I3O tons s c h i s t - and also for the size of the heaps) 
he i s far more aware of the technical aspects of the flow of materials and i n 
lit 
h i s "Improvements" published 184't:; he demonstrates that he has been i n contact 
with a t l e a s t one of the Plant Managers. For th i s reason, we may treat the 
account as independent of the others. 
Ure breaks down the process into s i x clear sections which he describes as 
1 . The preparation of the al\nn sf»te CALCINING 
2. The l i x i v i a t i o n of the slat e LEACHING 
3 . The evaporation of the lixivium CONCENTRATING 
4. The addition of the alkaline ingredients 
(or the precipitation of the alum) PRECIPITATION 
5. The washing of the Aluminium s a l t WASHING 
6. The c r y s t a l l i s a t i o n RECRYSTALLISAJlfl^ 
1 . CALCINING 
Ure notes the fact that slat e s low i n bitumen or coal need to be 
i n t e r s t r a t i f i e d with fuel - small coal or brushwood but that i f the rock i s 
high i n combustible matter, only the f i r s t layer of fuel i s required which "may 
be l a i d over the f i r s t bed of the bitumenous s c h i s t . " 
The heap i s b u i l t up layer by layer as described above and Ure remarks 
that the excessive heat w i l l cause a waste of sulphur and sulphuric acid and 
suggests a pyrcunidal heap plastered over. He also commends the Hurlet system 
7 S 
where the heaps were only a few feet high but covered a wider horizontal area. 
I t i s unfortunate that Ure does not give a measure of this area hut i f a 
"few feet" (height) were as much as ten feet, then on lire's figure of heaps at 
Whitby of 90 to 100 feet high by 200 feet square, an equivalent heap would be 
600 feet square to f i t the Hurlet model and the geography of the l^hitby s i t e s 
r e s t r i c t the p o s s i b i l i t y of such large surfaces being available except on the 
exposed c l i f f tops. 
He points out that the slower 
"the combustion, the richer the roasted ore w i l l be in sulphate of 
aluminia" 
and gives several instances of the mishaps due to excessive or over-rapid 
combustion e.g. iron sulphide combining with the s i l e x to form a slag or 
sulphur driven off into the atmosphere. 
The ideal r e s u l t i s a l i g h t reddish ash covering a porous heap of about 
half i t s o r i g i n a l bulk. I n order to obtain a f a i r l y "continuous" supply of 
prepared s l a t e , a " s u f f i c i e n t number or extent" of heaps should be l a i d - a 
recognition of the divisions of the heap which contrasts with his original 
c r i t i c i s m of the large heaps. 
"The beds are known to be s u f f i c i e n t l y decomposed by the efflorescence 
of the s a l t which appears upon the stones, from the strong aluminious 
taste of the ashes and from the appropriate chemical t e s t of l i x i v i a t i n g 
an aliquot average portion of the mass and seeing how much alum i t w i l l 
y i e l d to solution of mxiriate or sulphate of potash." 
2. LEACHING 
Ure advises stone b u i l t cisterns - since wood i s decomposed and may soon 
need repairs - which should be b u i l t near the heaps to save transport and 
"arranged so that the solutions from the higher cisterns may 
spontaneously flow into the l a t t e r " . 
This "advice" i s descriptive of the pre-existing system i n use at Boulby 
and serves to remind us that i n a l l accounts except the manuscripts of Boulby 
and Loftus, the a n a l y t i c a l research of Wilson and the archeological account of 
the Teesside I n d u s t r i a l Archeology Society we are dealing with second hand 
information. 
The description l i s t the layout of the tanks on a "sloping terrace" as 
follows: 
7 ^ 
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" I n order to save evaporation, i t i s always requisite to stengthen weak 
leys by employing them instead of water for fresh portions of calcined 
s c h i s t . Upon the ingenious disposition and form of these l i x i v i a t i n g 
c i s t e r n s , much of the economy and success of an alum works depends. The 
hydrometer should be always used to determine the degree of concentration 
which the 'solution acquires'." 
Here, there i s no description of counter current flow only an assumption 
of c r a f t s k i l l . 
The required density i s i n the sp e c i f i c gravity range 1.09 - 1.15 and can 
always be achieved by 
"pumping up the weaker solutions on to fresh calcined mine." 
The f i n a l liquor i s removed and allowed to se t t l e to precipitate 
"sulphate of lim,ef the oxide of iron and the earths". 
A chemical recommendation- then follows. 
" I t i s of advantage to leave the liquor exposed for some time whereby 
the green v i t r i o l may pass into a persulphate of iron with the deposition 
of some oxide while the liberated acid may combine with some of the clay 
present so as to increase the quantity of sulphate of alumina. The 
manufacture of alum i s the more (jnp^rfei\r-. as the quantity of sulphate 
of iron l e f t undecomposed i s greater and therefore every expedient ought 
to be t r i e d to convert the sulphate of iron into sulphate of alumina." 
B r i e f l y i n modern terms the suggested mechanism can be written: 
iron in) sulphate iron ( i l l ) sulphate + iron {\H) oxide + 
hydrogen ion 
A clearer picture i s that the iron ( l l ) sulphate i s oxidised to iron ( i f i ) 
1^. 
sulphate by oxygen in the a i r . 
The iron ( i i i ) sulphate w i l l form a basic sulphate and an acid solution on 
80 
hydrolysis. 
^ ® 2 ^ ^ ^ . 6B^0 ^ ^ 2 ^ L > 2Fe(0H)S0^. 5H2O + H^SO^ 
The complete a e r i a l oxidation of iron ( l i ) sulphate and the gradual 
darkening due to the formation of co l l o i d a l iron ( H I ) oxide takes weeks. 
During t h i s time the subsequent hydrolysis of the iron ( i i i ) sulphate liberates 
acid to combine with aluminium (iXi) ions i n the aluminium s i l i c a t e s present i n 
the c l a y s . 
3 . CONCENTRATING 
Ure separates the descriptions for Scotland and for North Yorkshire. 
I n the Whitby practice, he describes concentration of the liquors i n lead 
pans of dimension 10' long 4 '9" and of depth 2 '9" at one end and 2'2" at the 
other, t h i s discrepancy explained as providing a slope to f a c i l i t a t e removal of 
the contents. The pans are supported by bars and heated from beneath. 
I n the Scottish practice, which Ure appears to favour, there was surface 
evaporation of the liquor i n a stone tank of dimensions 30' - 40* long, 4 '6" 
deep and 2' - 3 ' deep covered with a brickwork arch. A f i r e i s set up at one 
end and a " l o f t y chimney" a t the other. The liquor i s evaporated by the hot 
fumes i n t h e i r passage from f i r e to chimney and the tank i s replenished by 
gravity feed. When the density i s s u f f i c i e n t , the liquor i s transferred to the 
"proper lead b o i l e r s " . 
Some economy of heat was achieved by the occasional practice of replacing 
the arched roof of the reverbatory furnace by a f l a t metal pan of crude liquor 
which then feeds the lower pan of hot liquor for evaporation. 
This stage of the process produces liquor i n the specific gravity range 
of 1.4 - 1 .5 
"being a saturated solution of the saline matters present". 
The s p e c i f i c gravity requirement i s related by Ure to the rela t i v e proportions 
of iron and aluminium sulphates. I f t h i s r a t i o i s 1:2 a gravity of 1.25 i s 
s u f f i c i e n t but i f 2:1 a gravity of 1.4 may be needed to allow the iron ( i i ) 
sulphate to precipitate and be removed. 
Mother liquors (see below) are added to the crude liquor i n the pans to 
recycle unused aluminium sulphate from previous r e c r y s t a l i s a t i o n s . 
4. PRECIPITATION 
Use generalises that the concentration process should not as a rule have 
been 'pushed' to the point when on cooling, magnesium or iron sulphates 
c r y s t a l l i s e , as th i s could also lose aluminium from the solution. This 
indicates that the comment above on s p e c i f i c gravities refer to unusual 
circumstances (see below), since i n th i s section, the rule enunciated i s that 
the alum be precipitated f i r s t as small c r y s t a l s so as to leave the other species 
i n solution to be recovered where desired. 
To achieve precipitation the liquor i s transferred to a new tank and 
"the proper quantity of sulphate or muriate of potash or impure sulphate 
or carbonate of ammonia added to i t " . 
Ure gives indications as to the correct quantities for example potassium 
sulphate w i l l be 18^ of the f i n a l alum and this quantity or equivalent of the 
other s a l t s should be added. This vague indication i s c l a r i f i e d l a t e r where he 
points out that the added qiiantity of alkaline s a l t s depends on the proportion of 
potash or ammonia i n the " a l k a l i " and the proportions of aluminium sulphate i n 
the liquor and 
"must be ascertained for each large quantity of product by a preliminary 
experiment in a precipitation glass. Here an aliquot measure of the 
aluminious liquor being taken, the l i q u i d precipitant must be added in 
successive portions, as long as i t causes any cloud, when the quantity 
added w i l l be indicated by the graduation of the vessel." 
The pre c i p i t a t i o n being complete the mother liquor i s removed and a 
complete drainage of mother liquor i s advisable. As was mentioned above this 
i s recycled to j o i n the raw liquor i n the concentration stage. 
T h i s recycling i s argued to balance the e r r o r s a r i s i n g from the use of 
the analysis r e s u l t on the large scale process since excess a l k a l i a t one stage 
w i l l be taken up by excess alTjminium i n the mothers of a previous batch. 
The mother liquor which has a s p e c i f i c gravity of 1.4 i s decribed as a 
sattirated mixture of iron ( ( l ) sulphate^ iron ( i i l ) sulphate and " i n some areas" 
magnesium sulphate. This l a t t e r must apply to Whitby where production of the 
n 
by-product Epsom Salts was undertsJsen. 
ex 
A l t e r n a t i v e l y the moth^ liquor could consist of the chlorides of the above 
species i f "muriate of potash" were used and i f "sonapers s a l t s " were the 
a l k a l i would contain i n addition sodium chloride. 
Although Ure indicates a preference for the use of the sulphate he points 
to an advantage i n the use of the chloride since i t i s three times more soluble 
than the sulphate (which must be used with i t ) and converts the iron sulphate to 
iron chloride which i s very soluble and l e s s l i k e l y to precipitate with the alum. 
I f a great amount of iron s a l t s i s present, he again recommends prior 
p r e c i p i t a t i o n of the iron but t h i s method requires more plant and man hours and 
should only be used i f i t i s e s s e n t i a l since alxmiini\im co-precipitates with the 
iron which gives a d u l l copperas compared to that produced by the evaporation ' 
of the mother liquor and t h i s l a t t e r evaporation i s necessary on occasion to free 
i t of the iron content, 
5. WASHING 
The small c r y s t a l s produced w i l l be brown due to the presence of iron 
ehich can be removed by water washing i n very cold water. Two washes w i l l 
suffice and the use of l e a s t water and good drainage of the washings improves 
the process (alum i s only soluble to I / 1 6 part by weight or 6%). The second 
washings are suitable for a f i r s t ^^ashing of a subsequent batch and on recovery, 
the washings are added to the crude liquor. 
6 . RECRYSTALLISATION 
"The washed alum i s put into a l e v e l pan with j u s t enough water to dissolve 
i t out a t a boiling heat and dissolved by s t i r r i n g and heating. The 
solution i s run into the reaching casks of dimensions 5' high 3 ' wide i n 
the middle. The hoops must be e a s i l y removed. I t i s then allowed to cool 
and c r y s t a l s form on the ends and inside the cask walls forming a so l i d 
appearing mass. After ten days, the hoops are removed, the staves stripped 
off and the mass of alum pierced and the 'mother water' recycled to the 
boi l i n g pans with the next batch of alum powder." 
The alum i s broken up and allowed to dry and packed for shipment. 
The f i n a l iron content i s about 1^ ,for which he quotes Thenard and Rouarrf. 
? 3 
AMMONIA ALUM 
Ure adds a note on the use of ammonium s a l t s as a l k a l i which i s only 
b r i e f l y mentioned i n the running account and "putrid urine" i s mentioned as a 
potential source of ammonia. He considers the potash and ammonia alums as 
similar i n properties and gives t h i s analysis to show s i m i l a r i t y i n composition. 
POTASH ALUM AMMONIA ALUM 
Sulphate of potash 18.34 Sulphate of ammonia 12.68 
Sulphate of Alumina 36.20 Sulphate of Alumina 38,64 
Water 45.46 Water 48.48 
100,00 100.00 
They can be distinguished from each other by the action of quicklime which 
liberates ammonia from the ammonium alums. 
KNAPP'S ACCOUNT 
m 
The account of Professor F r i e d r i c h Ludwig Knapp of Giessen translated by 
Drs Ronalds and Richardson presents a further chemical account but one must take 
care since Professor Knapp's accotint, although describing English practice, i s 
rooted i n the German practice of the time. Some of the comments on B r i t i s h 
practice are the annotations of the interpreters of whom Dr Richardson was a 
consulting chemist on Tyneside. 
Alums are described as a col l e c t i o n of double s a l t s which can be 
represented by 
"the general formula MO,RO + M O 3^0, + 24aq i n which R represents 
the r a d i c a l of the acid and M the metallic s a l t basg^ " 
'^he acid can be chromic acid CrO^ or sulphuric acid SO^. 
MO can be potash (KO) soda (NaO) oxide of ammonia (NHJ^O). 
MgO^  can be iron oxide (FegO^) aluminium oxide (Al^O^) or chronium 
oxide (CrgO^).^* 
The different groups may replace each other to give mixed alums but the 
c r y s t a l w i l l always contain "24 equivalents of water of c r y s t a l l i s a t i o n . " 
Commercially there were only two i n use, potash alianina alum or ammonia 
alum or a mixture. 
(KO ) S0_ + AL-0_, 3S0_ + 24aq) 
(NH^O) 5 2 5 5 
Their use as Ure points out e a r l i e r - i s a r e s u l t of the alumina in them 
"as the sulphate of potash and water of c r y s t a l l i s a t i o n are i n 
themselves superfluous" 
but alum i s the cheap way of preparing an aluminium s a l t since aluminium sulphate 
i s soluble i n 2 parts of cold water - therefore d i f f i c u l t to separate from iron 
sulphate. 
Whereas 1 part alvaa c r y s t a l s at 12 . 5°C (55**F) soluble in 1 3 .3 parts water 
but at 87.4°C ( 1 9 0 ° F ) soluble i n 0.6 parts water. 
Knapp goes on to describetht extraction of "Native alum" but this would 
take us beyond what i s previously described since the process i s different to 
that of manufacturing alum from alum shale. 
Analyses are given of many of the German alum shale as well as those of 
A 
Whitby and Campsie - the Whitby analysis i s by Dr Richardson, one of the two 
translations - which are reproduced here. 
WHITBY CAMPSIE 
Top Rock Bottom Rock Top Rock Top Rock 
Bottom Rock 
Sulphuret 
of iron 4.20 8 . 50 Sulphur 
Iron 
22 .36 
18 .16 
23.44 Pyrite 
15.04 
9 .63 
S i l i c o n 52 .25 51.16 15.4 75.4 0,47 
ProtoaettHe, 
O^^iron " 8.49 6.11 - - 2,18 
Alumina 18.75 18 .30 11.35 11.64 18,91 
Lime 1 ,25 2.15 1.40 2.22 0,4 
MagnesiTim 0,91 0 .90 0 .50 32 2.17 
Oxide Mangan t r t r 0 .15 8.55 
Sulphuric 
acid 1.37 2 .50 6 .05 
Potash 0 . 13 t r 1.26 
Soda 0 .20 t r 0 .21 
Chlorine t r t r 
Coal 4 . 9 7 8 . 2 9 Carbon loss 29 .78 Carbon 28,80 
8.51 
aq 8 ,54 
Water 2 . 88 2 ,00 loss 3 .13 0 ,59 
95,40 91 .91 100,00 99 .99 100*00 
Description of the process i s divided up i n a similar manner to Ure's 
account, 
ROASTING OR USTALUTION 
Where ores are not oxidised by contact which process produces s u f f i c i e n t 
heat to 
" f i r e spontaneously the carbonacerus parts" 
the ore 
"must be disintegrated by roasting i n order to obtain a free passage 
of a i r into the i n t e r i o r of the mass." 
The description of heap formation i s the same as that described i n 
previous accounts. 
The chemical e f f e c t of roasting i s summarised below, , I t l f the sulphur 
drives off from the pyrite - partly converted to sulphurous acid partly 
'sublimed' on cooler parts of the heap. The "protosulphuret" remaining o r ^ i f a 
low heat^"8/7th sulphuret"^ l a t e r converts to green v i t r i o l . 
When the mass reaches red heat aluminium sulphate breaks down - acid i s 
driven off but 
"compensated by simultaneous loss of mass by the green v i t r i o l . " 
Decomposition of heaps of 
"from one to several hundred feet i n length i s slow" 
roasting requires 10-12 months (l8-24?)and then a further 6-8 weeks 
decomposition. 
"The state of the heap i s judged by extracting portions of the ore 
or by the taste and general appearance of the decomposed mass." 
LIXIVIATION 
The use of lead lined wooden tanks and walled cisterns over a "false 
bottom" made by beams covered with straw and brushwood and f i n a l l y A^ ooden 
boards i s described. 
"Ley i s f i r s t poured upon the one of 20°B (= sp gr 1,157)» when this has 
run off, i t answers to 24°B or 25°B and i s f i t for boiling; a weaker ley 
of 1-5°B (= sp,grgl , 1 1 3 ) and subsequently others of 10°B (=sp,gr,1,072) and 
the weakest of 5 B (=sp,gr, 1 , 0 3 4 ) then follow; and l a s t l y , the whole i s 
washed out with pure water. A l l the leys that f a l l short of 24 B or 25 B 
are pured upon more or l e s s exhausted ones, according to their strength. 
The movement of solutions can be f a c i l i t a t e d by 'arranging the cisterns 
upon terraces'." 
A note i n brackets^upon the mimes of Yorkshire liquors ascribed v i a Ure to 
Mr Scanlon^now follows; t h i s would appear to be one of the translators 
annotations. 
The recovered ore may be recycled back to roasting (a) i f exhausted to 
cover the heaps (b) i f not f u l l y exhausted to re-expose spearately or mixed 
with fresh one. Previously, an analysis of the 
"composition of the residue from the above Ceunpsie O f S ? after 
calcination and washing out with the alum" 
had been given and i s possibly descriptive of the efficiency of the roasting 
process as can be seen here* 
S i l i c o n 38.40 
Alumina 12.70 
Peroxide of iron 20.80 
Oxide Manganen trace 
Lime 2 .07 
Magnesia 2 .00 
Potash 1.00 
Sulphuric acid 10.76 
Water 12.27 
100.00 
I n making the crude liquor, i t i s inadvisable to allow i t to bee ome 
saturated i n iron or magnesium sulphate where evaporation or temperature r i s e 
would cause them to c r y s t a l l i s e before required. 
" I n general, the density indicated by 20°B (=sp.gr.l , 15 ) i s not 
exceeded." 
The crude liquor i n use a t "Gliessen i n Neumark" was analysed as follows: 
Sulphate of Alrmiina 
Prolosulphate of iron 
Sulphate of soda 
Sulphate of magnesium 
Sulphate of Manganen 
Sulphate of potash 
Sulphate of lime 
Perchloride of iron 
Chloride of magnesium 
Chloride of aluminium 
Free sulphuric acid 
Free hydrochloric acid 
Water 
11.085 ^ 
9 .773 
2 .035 
1.754 
0,174 
0 ,095 V 
0,120 
1,872 
0,334 
0.419 
0.563 
1.454 
29.678 
70.322 
100.00 
Knapp commenting on then r e s u l t points out that some ready formed alum 
"always accompanies these constituents sometimes potash, sometimes ammonia 
alum when a red heat has not been employed i n the manufacture which 
decomposes the l a t t e r leaving only alumina un-volatilised. To the 
production of the former the potash naturally contained i n the ores a s s i s t s 
and s t i l l more that which e x i s t s i n the ash of the wood employed as fuel; 
the ammonia i s attributable to the nitrogen contained i n the coal." 
The reaction, mentioned by Ure, which occurs when the crude liquor i s l e f t 
for a while 6vtp»|§i to the a i r or as Knapp describes i t , " c l a r i f y i n g i n the large 
vats" i s described as follows: 
10 equivs Fe0,S0^ = lOFe + 100 + lOSO^ which absorbs from the a i r 
5 equivs oxygen = 50 
lOFe + 150 + lOSO^ and a basic s a l t . 
2 FegO^, SO^ = 4Fe . + 60 + SO^ i s produced and precipitated whilst 
3 equivs of EcgO^, 3S0^ = 6Fe + 90 + 9S0^ or an acid persalt remains i n 
solution. 
He surmises that the acid s a l t has been overlooked in the Gliessen 
analysis or else may be accounted for i n one of the species enumerated - i n any 
case i n the di l u t i o n of the crude liquor nearly the whole of the iron oxide i s 
precipitated. 
BOILING 
"The further treatment of the leys depends on the quantity of green 
v i t r i o l i t contains and i n most cases, there i s quite as much or more 
of t h i s than of alum. The ley i s then used for the production of both 
s a l t s and alum and v i t r i o l are generally carried on conjointly; but the 
process of separating the two s a l t s by c r y s t a l l i s a t i o n varies much i n 
diff e r e n t manufactures." 
A liquor containing a high proportion of iron i s "evaporated i n pans" 
into which old iron has been thrown. The pers a l t formed by the action of the 
a i r i s thus partly precipitated as a basic s a l t , one portion of the acid 
entering into combination with a fresh portion of iron with 
"the evolution of hydrogen gas and i s again partly reduced to a s a l t of 
the protoxide which prevents the decomposition of the green v i t r i o l , and 
c r y s t a l l i s e s i n large c r y s t a l s from the solution. I n order to form more 
points of attachment for the c r y s t a l s and f a c i l i t a t e their removal, the 
workmen are i n the habit of hanging peeled s t i c k s and branches .,, i n 
the solution. The mother ley, of course, contains the whole of the 
sulphate of alumina and i s boiled for al\im." 
A footnote (by t r a n s l a t S ^ ? ) remarks that the "basic s a l t " i s 
precipitated without metallic iron being needed since "dilute solutions of 
persulphate of iron (Fe20j.3S0^). are decomposed by heat alon^ and a basic s a l t 
(FegO^.SO^) i s precipitated." 
When the iron sulphate i s not " i n excess", the alum i s precipitated f i r s t . 
2"^ 
"The Cclarified liquor] i s pumped into the evaporating pans. I f these 
are composed of tinned iron, they become attacked by the sulphate of 
alumina and the ley, with the evolution of hydrogen and basic sulphate 
of alumina, i s precipitated when the action, which i s similar to that of 
an acid i s not prevented by the addition of the basic mud before 
mentioned. Notwithstanding t h i s , the sediment frequently gets burnt on 
to the bottom and causes d i f f i c u l t y and damage, pa r t i c u l a r l y when cast 
iron or leaden pans are employed which are not otherwise affected but 
the former of which i s b r i t t l e and the l a t t e r too e a s i l y melted by the 
heat. To prevent t h i s metal evaporating pans are now almost universally 
discarded and the flame i s carried over the surface of the l i q u i d instead 
of below the pan." 
There follows a description of a furnace similar to that described by Ure 
above. I t i s worth quoting the f u l l passage as i t indicates rationalisation 
upon s c i e n t i f i c knowledge but i s i n s u f f i c i e n t l y implied. The effect of the 
sediment in insulating the solution from the heat and thus concentrating i t i n 
the pan metal must be taken as understood since the effect 
"of a melted pan i s stated. However, the effect of deplacement of 
Alumina by tinned iron pans i s not transferable to lead pans so one must 
look elsewhere for the sediment." 
The "basic mud before mentioned" i s a 
"kind of basic alum i . e . an insoluble s a l t which i s deficient i n a 
certain quantity of sulphuric acid to render i t neutral alum". 
This was also b r i e f l y mentioned by Ure as a product of the f i n a l stage of the 
process. 
As evaporation proceeds, the pans are replenished with fresh liquor or 
the "mother liquor' from e a r l i e r batches u n t i l the gravity of the concentrate 
becomes 42^B (sec.grav = 1.40). 
" I n the meantime, a copious sediment i s deposited from the ley, 
consisting of a large proportion of basic sulphate of iron (produced by a 
continuous decomposition of the copperas and neutral persulphates of iron) 
of gjrpsum and other s a l t s which render i t necessary to clear the liquor i n 
the cooling vats. Whatever the composition of the liquor may be, i t must 
never be so far evaporated as to deposit s a l t by cooling in the vessels 
appropriated to the production of the flour. Everything must remain in 
solution a f t e r cooling and the liquor must be perfectly clear." 
mj^imrm^G^ THE 90mm 
This i s the f i r s t precipitation step where 
"the sulphate of alumina i s combined with potash or ammonia (the 'flux' 
or precipitating substance)." 
The precipitating i s due to the low s o l u b i l i t y of the alum in the cold 
mixture and i s thrown down i n "very small c r y s t a l s of flour". 
The s o l u b i l i t i e s are quoted as: 
9.25 parts ) dissolves i n 100 parts water for ( Potash alvon 
9.16 parts ) ( Ammonia alimi 
46 parts ) ( Soda alum 
which precludes soda as a suitable precipitating agent. 
Theory indicates that: 
100 parts of alumina requires 50.9 parts KgSO^ or 47.8 parts (NH^)2S0^. 
"The precipitating substance cannot be employed in the dry state, as the 
point of saturation would not then be d i s t i n c t l y knora ... on the other 
hand, perfectly saturated liquor i s only used that too much rater may not 
be introduced into the flour cisterns and the largest produce of meal may 
be obtained." 
On the basis of an analysis of the liquor as being satxirated and 
containing i n each lOOg. water 33«2g. anhydrous iron ( i i ) sulphate and 33«5g 
anhydrous aluminium sulphate, Knapp predicts that the said lOO parts water 
w i l l require for precipitation 
a) 17.1 parts potassium sulphate dissolved i n 66 parts boiling water producing 
96 parts alum i n I66 parts water which on cooling leaves I6 parts i n solution 
giving not l e s s than 80 parts alum 
b) 14,5 parts potassium chloride dissolved i n 26,2 parts boiling water producing 
96,5 parts alum i n 126,2 parts water which on cooling leaves 12 parts i n 
solution giving not l e s s than 84,5 parts of alum. 
I f used cold (lo") the potassium chloride requires 46 parts water giving 
a t o t a l of 146 parts water which w i l l hold back 13,8 parts alum precipitating 
84 parts alum, 
Knapp deduces that there i s l i t t l e difference i n the two cases. However, 
because l e s s chloride i s required and i t can be used cold, he argues that i t s 
use i s preferable. 
I n the case of ammonia alum, the s o l u b i l i t y of ammonij.. sulphate i s given 
as s i m i l a r to that of potassium chloride and to use the above basis 15.8 parts 
qi 
ammonitmi sulphate (dissolve i n 31 .6 parts boiling ivater) producing 8 7 . 8 parts 
alum ( i n 131 .6 parts water) %irhich on cooling retains 10 .6 parts alum 
precipitating 77 parts. However, weight for weight, ammonia alum i s 95*6^ 
of potash alum. 
The sources of potassium sulphate are given as: 
a) o secondary product i n the n i t r i c acid manufactures. 
b) from the burners of the v i t r e i chambers on the old plan of 
manufacture. 
c) p u r i f i c a t i o n of potashes. 
Knapp claims that i t i s found i n the form of hisulphate (K.0.2S0^) which 
should be converted to the neutral s a l t KjO.SO^. Potashes should not be used as 
a precipitant unless free acid i s present since they precipitate,to some degree^ 
a basic alum (produced also during evaporation but can be dissolved by 
bisulphate of potash^ 
He further fee l s that purifying potash and alum production should be 
carried on side by side to mutual advantage. 
Further advantages of using potassium chloride as precipitanJt" i s that 
managanese and iron (J-L) and iron ixii-i sulphate are converted into chloride 
which are delequescent and easier to remove than iron (JE,) sulphate. 
I f iron |2J'') sulphate i s present potassium sulphate w i l l produce a basic 
iron alum, s l i g h t l y solublejwhich precipitates as a yellow powder contaminating 
the alum. 
However, excess of potassium chloride would convert aluminium sulphate 
to i t s chloride which i s 
u 
the reason the nature of the ley must be investigated before every 
operation with a view to determine the precise amount of chloride of 
potassium that i s required to be added," 
However, the required amount w i l l "seldom or never" encoTinter enough 
iron sulphates i n the liquor to convert f u l l y into potassium sulphate. The 
t e s t seems si m i l a r to Ure but more modern terminology i s used. 
"... a saturated boiling solution of the precipitating s a l t i s added 
from a graduated burette under constant agitation to a measured quantity 
of the liquor as long as the flour which f a l l s increases i n quantity. 
The number of measures which have been employed indicate with s u f f i c i e n t 
accuracy, the amount of solution required to precipitate a given volume 
of the liquor and the tedious process of weighing i s thus obviated. 
I f the l i q u i d however i s allowed to cool during the operation, a portion 
of sulphate of potash (on account of i t s d i f f i c u l t s o l u b i l i t y ) may be 
precipitated with the flour and give r i s e to an error, for t h i s reason, 
i t i s advisable to use as the testing l i q u i d the e a s i l y soluble sulphate 
of ammonia of which 1 part i s equivalent to 1.32 parts of sulphate of 
potash or to 1.13 parts of chloride of potassiimi." 
other sources of potassium chloride are mentioned as the "soap bo i l e r j 
waste" and "saftdiver"jfrom the glass housesjthe composition of which i s given 
as 
German Plate Crystal Bottle 
Water I . 65 0.10 1.00 
Sulphate of soda 83.32 90.51 55.92 
Sulphate of lime 10.35 6.00 25.11 
Chloride of soda it » n 
Carbonate of soda t r " " 
Potash " " t r 
Insoluble matter 3.25 3.35 17.77 
Knapp, before quoting the analysis, commented that the s a l t s consisted 
" c h i e f l y of chloride of potassium (or sodium) and sulphates." The composition 
tabulated indicates a substance of l i t t l e use to the alum maker. 
Knapp also quotes the use of Kelp i n England and Varec or B a r i l l a i n 
France, He states the Kelp i s of similar composition to Varec except that i t 
contains m e t a l l i c iodides. 
"Kelp ... can hardly be classed among the v a r i e t i e s of soda; Kelp 
containing only 2 per cent and Varec no carbonate of soda at a l l ; but 
consisting of one half chloride of sodium and the other half of about 
equal parts of chloride of potassium and sulphate of potash ... 
... I n Scotland Kelp i s a source of potash s a l t s and iodine. When the 
leys obtained from the ash i s evaporated, the soda and potash s a l t s 
separate one afte r the other; the l a t t e r are used in the alum works, 
while the mother liquor d i s t i l l e d with sulphuric acid and manganese 
y i e l d iodine." 
A source of ammoniinn sulphate i s from the coal gas works when the gas i s 
absorbed i n sulphuric acid and t h i s gives a solution of 80 ounces to the gallon 
compared to 14 ounces to the gallon from d i s t i l l i n g condensed ammoniacal liquor. 
WASHING 
Knapp does not separate t h i s operation from the preceding one. The flour 
when produced i s thrown onto a slanting hoard so that the liquor can flow hack 
into the tanks. The c r y s t a l s are discoloured "brownish yellow" by adhering 
liquor. 
The c r y s t a l s are s t i r r e d with cold water in another tank 
"which takes up the mother liquor and a proportion of the cr y s t a l s 
corresponding to the temperature and this operation i s repeated once 
or twice. The f i r s t two portions of wash-water consist of liquor of 
medium strength and are added to the evaporating pans, whilst the l a s t 
portion i s used instead of fresh water for the next washing." 
CRYSTALLISATION 
The c r y s t a l s are mixed with boiling water or dissolved by steam. Knapp 
describes the steam process i n use i n a Moselle works "Volmunster". The product 
i s a saturated solution of 48** to 40°B a s p e c i f i c gravity of 1,485 to 1.515 
which i s run into the reaching vats and l e f t to c r y s t a l l i s e . (The c r y s t a l s 
are large - up to 1 lb each). 
DISTRIBUTION OF THE PRODUCT 
The records of product distribution are remarkably complete and these 
monthly "Alum Accounts", perhaps due to the operations of the ca r t e l cover 
in 
a l l the operating plants i n North Yorkshire, Two copies are reproduced as 
pages 
I t w i l l be obseiTred that the information i n these accounts concerns more 
than simply the tonnages shipped and destinations; i t includes also t o t a l 
production for the month, the number of working pans and the stock remaining. 
The mode of transport, although fascinating, does not have any direct 
influence on the process and i s probably worth considering at another time. 
B r i e f l y , a t Boulby, the alum was lowered through a deep p i t or well not 
far from the c l i f f face - s t i l l v i s i b l e today although a secure cover i s now 
placed over i t - using a horse dra%m gin. Details of the apparatus and horse 
trapping are given i n a works inventory and the replacement of the gin rope i s 
reported i n the appropriate monthly account - i t lasted about three years. The 
casks of alum and slam and l a t e r epsoms were stored below the c l i f f s i n store-
houses and loaded d i r e c t l y on to ships a t the staithes specially b u i l t for the 
purpose. The ships have been described i n the short a r t i c l e on "The Alum Ships" 
by Barton and many comments on their adventures or misadventures can be found 
i n the l e t t e r s (see excerpt on page which also express anxiety for the 
safety of cargoes a t a time of privateering a c t i v i t y or for the delays caused 
by adverse weather conditions, 
A glance a t the destinations of the Alum cargoes serves to remind us that 
although the shipping was mainly a coastal trade between North Yorkshire and 
London, other destinations are by no means infrequent and the occasional ship 
went as far as St Petersburg, 
However the main export trade, by ship d i r e c t l y from Yorkshire, was to 
French ports (the two examples reproduced were chosen to show the diversity of ' 
destinations) and th i s i s of int e r e s t within the context of the alum process 
since a t the time of the accounts the synthetic alum was being manufactured i n 
France, Plants had been set up by Alban at Javel and Chaptal a t Montpellier 
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and Smith assesses that by 1794 the production of synthetic alum at Javel A^ as 
35 « 70 + 10 kilogram per annum (or 35 - 70 metr;i0 tons per annum). Although 
production grew during the Napoleonic Period t h i s synthetic supply was never 
able to supply more than a fraction of the needs. Smith points out that "alum" 
ore extraction was developed u n t i l by the end of the Empire France was v i r t u a l l y 
independent of imports. 
OPERATIONS OF CARTELS 
The operation of a c a r t e l or series of c a r t e l s which were agreements 
between manufacturers to l i m i t and regulate production of alum and therefore 
prices seems to have been a feature of l i f e i n the North Yorkshire industry 
during the eighteenth century. 
An early partner i n the Boulby works, Ralph Ward gives evidence of the 
c a r t e l i n operation i n his journal for the years 1754-1756 and the Boulby record 
shows him writing to Wardell on t h i s matter in 174o« 
pa 
On 15 February 1755 he "wrote to Sutton on Allom a f f a i r " and met with him 
and Wardell i n Stockton on 2 A p r i l 1755 where they "consulted about Allom a f f a i r 
not s e t t l e d " . On 15 A p r i l More, Wardell and Ward discussed the Alum A f f a i r to 
l i t t l e purpose (probably a t Loftus). 21 A p r i l saw Ward discussing the matter 
with Howlitt and Matthews. 
"The Cock" Guisborough provided the venue for a meeting between Wardell of 
Boulby, More of Loftus and Ward where they discussed the alum a f f a i r during or 
a f t e r dinner on 20 November. The same venue saw Wardell, Sutton, More, Heath, 
Natthews and Mr Edmund Pressick dining and setting "about s e t t l i n g the AlTjm 
A f f a i r " . 
P i c k l e s quotes "Crowthers" History of Lythe for evidence of a "Masters 
Union" of proprietors to s e t t l e production at a t o t a l of 3»200 tons per annum 
but regards t h i s attempt as unsuccessful. He also regards the A i m accounts of 
1780-92 mentioned above (pages9i"'6) as indicating some attempt to control 
production. 
Clear evidence of a c a r t e l i n the 1790s, i s the draft found i n the Loftus 
records and reproduced as pages and 100 , This however seems to 
be a projected agreement^yet Watson notes the existence of the cartel^and that 
Boulby held out for a year before joining, 
A production limiting c a r t e l within the North Yorkshire works to control 
the London price of alum seems to indicate that competition from Scotland -
j u s t commencing - and Lancashire was non-existent. 
Furthermore i t seems reasonable to assert that i t had no effect on 
developments i n production methods. The phrase i s used advisedly since one 
might expect a c a r t e l to have a negative effect on development even to the 
point of causing i t to cease,entirely. 
I f production could not be increased thena reduction i n operating costs 
had to take place. Examples of this can be found i n the above accounts where 
a better designed furnace was i n s t a l l e d to save on heat - i , e , coal; where 
s o l i d chloride of potash was added to save i n labour required for dissolving 
and i n additional heat for evaporation and when Dodds was given recognition 
for saving costs i n a development i n the use of Kelp, 
The operation of the c a r t e l was important to the economic well-being of 
the North Yorkshire works and possibly even caused the closure of works whose 
costs were too high for them to s e l l a t prices charged by the group operating 
the r e s t r i c t i o n s but not of significance to the development of the process, 
BYE-PRODUCTS 
The main bye-products of the process were Epsom Salts and Slam but these 
were not necessarily produced at the same time. 
Pri o r to 1800 the Boulby records describe the production of slam only, 
SLAM 
Slam was described by Turton as the "slimy" stuff deposited i n the 
s e t t l e r s a f t e r concentration. Pickles describes i t as "a mixture of f e r r i c 
oxide and s i l i c a " which he claims was used by a "bottle glass manufacturer i n 
Whitby" as a raw material. 
The l a s t three decades of the eighteenth century saw the entire Boulby 
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production of slam - as far as we can t e l l from the records - being shipped to 
a Mr Thomas Simpson, merchant of Newcastle upon Tyne described i n li/hiteheads 
Directory of 1790 as o%ming a wholesale o i l and colour warehouse in St John's 
Street, Newcastle, I n addition i t appears he v/as a colour manufacturer making 
Prussian Blue, 
I n a l e t t e r to Simpson of 15 September 1779 Bodds notes that 46 tons of 
dry slam had been shipped on the "Mary" under Captain Ovington and remarks 
that 
" I have charged you with two s h i l l i n g s per ton for lowering and shipping 
the Slam which i s more than we pay for the Alum - but the Slam being so 
bad to deal with - and so pernicious to everything i s comes nigh - I 
cannot conveniently charge you any l e s s , " 
The slam cost £23 per ton and Simpson complained that the cargo was 
underweight, Dodds, i n a l e t t e r to Mrs Baker remarked that the slam had been 
weighed moist and could have l o s t weight when lying i n the store at the foot of 
the c l i f f s . 
I n a l e t t e r to Simpson of 25 September 1779 be then explained how evapor-
ation caused the deficiency of (j tons inlvl/ tons or per cent by weight and 
reacting to a complaint by the above Captain Ovington, Dodds points out that the 
slam, when wet, i s very corrosive to metal work, clothes, etc, but safe when 
dry and he had told the Captain to keep the slam dry. 
Nonetheless, Dodds was dubious about loading the Baker-Jackson partnership's 
own ship with slam which he described as not "very e l i g i b l e " . 
The Boulby inventory l i s ^ the slam pans and barrow v^ay and records of 
slam pans and building a slam shed can be found i n the accounts. There seems 
to be a seasonal bias i n production of slam - i n 1783 slam lowered ( i , e , by 
the gin) on 20 February,- 5 A p r i l , 18 A p r i l , 5 Hay, 7 June - or perhaps i t i s 
governed by weather as Dodds seems to indicate when he informs Simpson, i n 
March 1781, that "The weather i s again favourable for collecting slam". 
What then, i s slam and how was i t made? I s i t collected i n the s e t t l e r s 
as Turton indicates above and, i f so, what i s the purpose of the slam pans -
r e c r y s t a l l i s a t i o n ? /S^^ SCIENCE 
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The a c i d i c nature of the slam, attested to above, does not bear out 
Pickles^ "analysis" of i t as a mixture of oxides and Dodds indicates the 
s p e c i f i c nature of the acid when i n negotiating with Simpson over price and 
P 
quotas and Boulby supplied I5O tons a year with 358 tons i n 1790-1 he 
suggests he may need the slam himself since 
" I cannot help t e l l i n g you I have been thinking we may make copperas 
here, we have a deal of old iron and much more may be had at an easy 
rate and I am of opinion the V i t r i o l i c acid of slam w i l l with f i r e be 
a proper solvent - I shall.thank you for your opinion on th i s - as I 
t r u s t you do not make use of Slam for Copperas". 
The slam then contained sulphuric acid or sulphate radical and, i f we 
can t r u s t the technical data here, was too deficient i n iron to be pure iron ( i i ) 
sulphate or copperas. I t could have been iron ( i i i ) sulphate or a mixture of 
iron ( i i i ) sulphate and aluminium sulphate both of which give acidic solutions. 
(See page "7 ) . I n the early days of the alum works Colimll observed that the 
liquor could "turn to copperas" when l e f t i n the cooler too long or i n cold 
weather. Perhaps t h i s was the a l l u s i o n i n Dodds remark above. 
Dodds did not, i n fa c t , make copperas a t that time, however, i t \fa.s made 
as a by-product a t the Hurlet and Campsie plants. 
I t seems more l i k e l y that Simpson used the slam to make Prussian Blue or 
potassium f e r r i c f o r r o cyanide Fe (Fe (CN)^) which could e a s i l y be made by 
the action of potassitmi cyanide on an iron ( i i i ) s a l t . 
However Watson i n catechetical style describes the manufacture of Prussian 
Blue as achieved by adding "prussian potash" to iron containing alum liquors. 
The Prussian potash was described as an organic material produced by reducing 
various natural materials i n a metal pot (the f u l l catechism of the topic i s 
reproduced as page This method of manufacture described by Watson i s of 
more use than the simple chemical preparation noted above in understanding the 
following entries i n the Prussian Blue account a t Loftus for I8O5. 
"Calcining Egg 
2 lead pans 
Horn shavings 
Dried blood 
Pearl ashes 
Muriatic acid" 
EPSOMS 
The t h i r d by-product was produced by evaporating the mothers aft e r alum 
extraction u n t i l they reached a desired density. They were then l e f t u n t i l 
c y r s t a l l i s a t i o n iras complete and the rough c r y s t a l s were r e c r y s t a l l i s e d . 
These rough Epsoms or crude Epsoms contained excess acid and Watson 
claims that t h e i r popularity lay in th i s property. 
I f desired pure the rough Epsoms - acid i c magnesium sulphate - could be 
calcined i n a reverbatory furnace and magnesian limestone added. 
IK" 
At t h i s l a t e r date Watson claims that^principal use of th;6j slam was 
to recover magnesia. 
A v i s i t o r to Boulby at about the time the works began to s t a r t the f i n a l 
rundown noted on 7 January 1869 that the works produced 700 tons of rough 
epsoms a year which sold a t f i f t y s h i l l i n g s on Tyneside but could find no orders 
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THE SCOTTISH PROCESS 
We are not concerned here with the sort of background de t a i l s of partnerships 
personalia and duration of the plants needed to understand the manuscript 
accounts of North Yorkshire, Clow's account i s f a i r l y complete as regards such 
d e t a i l s . The f i r s t works were opened i n the l a s t decade of the eighteenth 
century with Charles Mackintosh and a Mr Knox as partners. Although Charles 
Mackintosh i s better known as a chemist-he ivas a pupil of Dr Black - i t i s Knox 
we find "describing" the mine and dictating an account to the Editor of 
ViX. 
Nicholson's journal i n I8O7 and i t i s Knox who v i s i t s Boulby i n 1804i 
A good contemporary account of the Hurlet process can be found in*Knapp**^^^ 
and i s b a s i c a l l y similar to that used i n Yorkshire, 
The calcining was accomplished i n low heaps as mentioned above; the 
calcined ore transferred to "stone c i s t e r n s " which were f i l l e d to eighteen 
inches above the " f a l s e bottom", 
Mat 
The liquor from a previous "steep"^allowed to cover the calcinate and 
aft e r eight hours ^"plug" , removed from the bottom and the liquor allowed to flow 
into a supply c i s t e r n . This liquor should have a density of 20*'t { I, IO ) 
Weaker solutions were now used to leach the burnt ore u n t i l the density of the 
lees draivn off reduces to 12 T ( /, Qb ) - these l a t t e r solutions^too weak to use 
i n evaporating pans and so were used as washes i , e , to add to fresh batches of 
ore. The leaching was completed with weaker liquors and T*ater, 
The exhausted ore was discharged as waste or used to cover fresh heaps of 
ore. 
The liquors were now run to boilers - long brick cisterns sixty feet by 
s i x feet by four feet which could evaporate 4500-5000 gallons of liquor i n 
twenty four hours. The furnace was designed with the furnace at one end and the 
chimney at the other; the hot furnace gases and to some degree the flames sweep 
across the surface of the liquor; the furnace was f i r e d for eight days while 
liquor was added u n t i l the l a s t night when the recycled mother liquor was added. 
The liquor was allowed to s e t t l e for at l e a s t twelve hours. 
A sample of the liquor was tested with potassium chloride to judge the 
quantity of t h i s s a l t required to precipitate the alum. 
The required amount of potassium chloride was added to the cooler and the 
liquor a t 60*'t run i n . The liquor i n the tank was then agitated and l e f t for 
four or f i v e days and the "mothers" allowed to drain out. 
The " f i r s t alum" i s found sticking to the sides from where i t i s removed, 
washed i n tub$ i ifith "second mothers", collected i n sieves, rinsed and "thrown 
off" to drain. 
The second alum bo i l e r which was a deep stone c i s t e r n \fa.s partly f i l l e d 
with liquor used i n washing the "second" alum. Steam was added u n t i l the liquor 
Afas almost boiling and washed c r y s t a l s of alum put i n u n t i l the liquor reached a 
density of 60°T. More steam ivas no^added to achieve the highest possible 
temperature for the liquor %\rhich was nov^  allowed to s e t t l e for twelve hours. 
The liquor was run to second coolers where i t remained four-five days; the 
mother liquor at 26°T was drained off and used to wash " f i r s t " alums; the 
"second" alums c r y s t a l s were now used i n the reaching or r e c r y s t a l l i s a t i o n 
process. 
I n reaching the c r y s t a l s were placed i n a closed lead c i s t e r n and steam 
"blown i n " u n t i l the resultant liquor achieved a density of 96''t, The 
temperature i s raised to 224''f and the liquor l e f t for four-five hours or u n t i l 
the temperature reaches 200°F, 
The liquor i s then run to the reaching casks - lead lined barrels holding 
two tons alum - where i t remains four-six days. The hoops and staves were then 
removed and the "sold cask of alTim" allowed to stand another two weeks before 
being pierced. 
The lr;:un liquor was collected and used to dissolve the " f i r s t " alum. 
This account shows that the Scottish process i s very similar to the 
Yorkshire process except that the use of steam reduces the cost of evaporation 
of solution andi/^TftrSi appears to be t\fo r e c r y s t a l l i s a t i o n processes. In 
addition to density controls - the use of Twaddle's hydrometer ivas tinderstood 
ion 
i n North Yorkshire as early as 1805 although the traditional "weights" were 
used - there appears to be some temperature controls associated with the steam 
induced solution. 
This process continued i n use u n t i l the end of the nineteenth century 
and was investigated by Wilson - a grandson of one of the original partners -
an account of whose researches i s summarised below. 
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THE MANUFACTURE OF SYNTHETIC ALUM 
The term "synthetic alum" which I am using to distinguish t h i s chemical 
route to alum from that which used as raw material the alum shale - i s without 
doubt a complete misnomer. I n a sense a l l alums were synthetic except the 
"Natural Alum" found a t Tolfa, i n I t a l y , and extracted there since the Middle 
Ages, I n a l l other cases a chemical reaction - usxially an oxidation induced by 
calcination - M&S required followed by the addition of some species containing 
the monovalent ions. This i s as true i n the "synthetic alum" process as i n the 
"altmi shale" process. What prompted the use of t h i s term i s the somewhat 
misleading t i t l e of the f i r s t paper describing a manufacturing process based on 
th i s technique i n Chaptal's account of the Academic of 1789, entitled - i n 
translation -
"On the method of making alum by the dir e c t combination of i t s 
constituent p r i n c i p l e s " , 
Chaptal claims that his establishment, then two years old, was showing 
signs of great a c t i v i t y . I n th i s paper he claims that pure clay which contained 
"alumina" could be impregnated with v i t r i o l . He preferred to use the vapour 
(from the chambers perhaps?) since 
" t h i s acid i s only a mixture of water with the vapour produced by 
the combustion of saltpetre and sulphur". 
The "alum" was removed a f t e r the formation of efflorescence, leached, 
evaporated i n lead vessels and c r y s t a l l i s e d . He notes that he used a l k a l i to 
a s s i s t the formation of the c r y s t a l s , otherwise, the crystals would neither be 
"so heavy nor so hard". 
Smith notes that the 
"synthetic alum process originate^from the^ researches of E F Geoffrey 
i n 1720s which were reported i n the Memoi:^ d'Academie of 1728 under 
the t i t l e "Examins des differentes v i t r i o l s avec quelques E s s a i s sur le 
formations de V i t r i o l Blanc et d'Alum" where he showed that Alum could 
be producied by digesting roasted clay with v i t r i o l i c acid," 32l» 
Smith goes on to summarise Chaptal's process: 
"the roasted clay was pulverised; mixed with sulphuric acid; allowed 
to stand a few days; heated i n an oven f o r twenty foTir hours; leached; 
the solution boiled do^vn, urine or potash added and the solution allowed 
to c r y s t a l l i s e , " "^1^ 
10^ 
He claims that Chaptal found t h i s method too expensive i n the face of 
competition from imported alum and that t h i s led him to expose the clay to the 
"lead chamber" gases. 
This process, according to Smith, was regarded as one of the triumphs of 
chemical manufacture a t that time showing the useful application of science to 
industry. Although^ as mentioned previously, i t only supplied a fraction of the 
t o t a l demand for alumj Singer claims that Chaptal made a fortune from his 
"improvements" i n t h i s process. 
Certainly Chaptal thought his process - commenced about 1785 - worth a 
separate A r t i c l e - or sub-chapter - of seven pages length, entitled "Of 
A r t i f i c i a l Alum" i n his applied chemistry text of I8O7. 
I n t h i s account he distinguishes between the processes i n use at Javelin 
and a t Montpellier. There are other changes compared to the original accounts 
and so i t i s worthwhile to again summarise the process in use, - t h i s time -
a t the turn of the century. 
The J a v e l i e ^ process uses the " a r g i l " of G e n t i l l y and i s almost identical 
with that quoted above; sulphuric acid i s used and the oven i s regulated at 
50''-60*^, 
A v a r i a t i o n on the original process was i n use at Montpellier; the crushed 
" a r g i l " m s 
"kneaded with half i t s weight of the product from the combustion of the 
saltpetre and sulphxir employed i n the formation of sulphuric acid; i t 
i s well kno™ that t h i s residium consists almost entirely of sulphate of 
potash". 
The paste \ras r o l l e d into b a l l s four inches/six inches in dieuneter and 
roasted i n a'potters oven". After t h i s roasting of undeclared duration the 
b a l l s are put into 
"the apartment appropriated for the manufacture of sulphuric acid". 
The a c i d attacks the b a l l s and the action i s considered complete after 
three to four weeks, when they are exposed to the a i r and subsequently leached 
etc. 
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Chaptal describes improvements made hy 
"M, Berard, my pupil and at present the proprietor of that 
establishment" 
i . e . l a R a i l j e , Montpellier. Etienne Berard was involved i n the production 
process since i t s inception at La Railifi, south of Montpellier i n 1782. He i s 
described by Smith as a former pupil and laboratory assistant of Chaptal who 
under his directions produced acid and alum at the plant. 
E s s e n t i a l l y the improvements are i n control or simply a greater care in 
the various steps. Instead of the chamber gases being used the b a l l s are 
"sprinkled" with sulphuric acid a t 40°, presumably Beaxnne, equal i n "weight" 
to the a r g i l and the proportions of acid are adjusted "according to the nature 
of the a r g i l " . 
The method of M. Curaudeau,--clay and sea water paste, calcined, crushed 
sulphuric acid added i n the exact quantity of one quarter the weight of the 
calcinate, fumes of hydrogen chloride allowed to "disipate", water added, heat 
swells s o l i d mass, more water added and f i n a l l y a solution of "twenty five per 
cent" potash,~"seems designed for small scale use. The step where hydrogen 
chloride i s evolved would indicate a temporary evacuation and the dilution of 
the mixture by adding water to sulphuric acid could not have been universally 
popular with the workforce. 
Chaptal concludes h i s 180? account with a process which he had himself 
used and which was then being successfully u t i l i s e d by M. Bouvier. A mixture 
of clay, potassium n i t r a t e and sulphuric acid i n the proportions 100;50;50 
(the acid being at 40°- again one assumes Beaume) WfiLS^distilled to drive off 
the " n i t r i c acid". The residue can be leached etc to form altmi d i r e c t l y . 
Again one could conclude that this method must be small scale and dependent on 
the s i z e of the s t i l l . Perhaps this i s recognised by Chaptal who recommends a 
clay with a very high proportion of alumina. 
The manufacture of a r t i f i c i a l alum from "pipe clay" was also carried out 
in the mid nineteenth century on Tyneside. The clay needed to be carefully 
examined and was free from iron s a l t s and calcium carbonate. I t was dried in 
//( 
a reverbatory furnace, powdered and sieved. The sulphuric acid was added i n 
the raiitjot one hundred parts of clay requiring 42.5 parts of acid of density 
1.49 and again the s o l i d material was heated i n a reverhatory furnace, "raked 
out" and the aluminium sulpl)^| extracted with hot water at 190*^-200°?, Watson 
here comments that one hot steeping was equivalent to two cold steepings but 
that i n view of the expense incurred' i n heating the water, this improvement 
was not practiced in the "older works". The process then followed the usual 
operations where monovalent ions were added. At t h i s time ammonia liquor was 
readily available from gasworks and as noted above the usual alum of commerce 
was by then an ammonia alum. 
I n 1845 Peter Spence f i l e d his key patent detailing a process i n which 
hot f a i r l y concentrated sulphuric acid was added to hot freshly calcined shale. 
This was more economic and e f f i c i e n t than a process using cold weathered shale 
since the action of the acid on the poro«3""- calcinate would be quicker and more 
thorough at an elevated temperature. The product could be treated d i r e c t l y 
with the source of monovalent ions - ammonia liquor from the gasworks - and 
c r y s t a l l i s e d to give alum. Providing the temperature of the hot acid could be 
controlled, the great saving was i n the cost of evaporating raw and c l a r i f i e d 
liquors etc. This, to Spence, was the most important consideration. 
Spence, a native of Brechin and one time employee of Dundee Gas Works, 
Sj-et up h i s plant i n Pendleton and contracted with Manchester and Salford Gas 
Works for t h e i r gas liquor over a t h i r t y year period. He used the surplus over 
and above that needed for alum manufacture to make f e r t i l i s e r s . 
Production of twenty tons alum per week had r i s e n to one hundred and ten 
tons per week i n I86O by which time, according to Singer he had displaced a l l 
his B r i t i s h r i v a l s . I n 1870 the production was 250 tons per week and by 1882 
had reached the order of 100,000 tons per annum. 
Although Spence r e a l i s e d , as had many before, that the effective 
component of alum was, for most processes, the aluminium sulphate, i t was not 
u n t i l the early years of t h i s century that Spence (l919) and others began to 
make aluminium sulphate i t s e l f . 
Bardie and Davidson Pratt claim that there has been no basic change i n 
the alum manufacture since the 1880s. 
Ill 
THE DEVELOPING COMPREHENSION OF THE ALUM PROCESS 
The discerning reader of the previous accounts will^no doubt^have found 
i n them - espec i a l l y those of TJre and Knapp - a considerable chemical under-
standing of the process. I f these are put into their chronological context, 
then the following synopsis could be said to supplement or be supplemented by 
them. 
Vaiiiiuelin recorded that Bergman had deduced that alum was a t r i p l e s a l t 
and had discovered that soda and lime, i f used i n place of potash and ammonia, 
do noit produce a c r y s t a l l i s a b l e alum. He argues that this should have overturned 
the then current theory that potash^as an al k a l i j " s a t u r a t e d " any excess acid i n 
the liquor which was, at that time, believed to prevent c r y s t a l l i s a t i o n . 
However Va*iQuelin claims that Bergman l a t e r f e l l into the saturation error. 
In t h i s paper he reports the sjnithesis of aluminium sulphate by dissolving 
alumina i n sulphuric acid and evaporating the solution at various dilutions i n 
order to induce c r y s t a l l i s a t i o n . The uniform r e s u l t wag a "magma formed of 
saline plates without consistence or s o l i d i t y " . 
However the addition of a few drops of alum solution induced an immediate 
c r y s t a l l i s a t i o n . Sodium Carbonate, lime and barytes had no such effect, 
Bergman's r e s u l t \fa.a also confirmed when Va:vA!.quelin concluded that: 
"Of a l l the kinds of alum which I had submitted to analysis I did not 
find one which did not afford sulphate of potash or of ammoniac or 
frequently both a t once". 
The conclusions of Vanquelin, whose a r t i c l e ivas published in English i n 
1797» are of in t e r e s t . 
1, I t was not excess of acid which prevented c r y s t a l l i s a t i o n but a "want" 
of potash and/or ammonia, 
2. The sulphate of potash could be used i n place of the a l k a l i potash -
however he q u a l i f i e s t h i s by recommending potash against sulphate i f the 
liquors contain iron. He further claims that the sulphate of potash i s 
much better than putrid urine which ali^ays contains phosphoric s a l t s 
whose action i s to decompose part of the aluminiimi sulphate. 
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To what extent were these ideas taken up by the manufacturers. The dates 
already given for the introduction of new " a l k a l i s " give an unclear picture. 
Certainly i t can be asserted that the supply of sulphate and muriate of potash 
which commenced ju s t a f t e r the turn of the centry was undertaken by William L<(teh, 
who could be expected to keep abreast of chemical discovery, especially French, 
I t could also be pointed out that the f i r s t plant which we can see buying t h i s 
material was that of Lord Dundas - chairman at about that time of the committee 
of the Royal I n s t i t u t i o n who would no doubt have been informed of the work of 
Vaiiquelin. 
Against t h i s picture one could r e c a l l that the deliveries of putrid urine 
to Boulby continued u n t i l 1807 and that Kelp was available on the Loftus plant 
at about the same time. Also the abbreviated anniial accounts of the Boulby 
works during t h i s decade refer simply to "alkaline" materials. 
Certainly Winter f e l l into the " a l k a l i " error when he wote his account of 
the North Yorkshire process i n 1810, He gives an analysis of kelp as 47 per cent 
soluble s a l t and 53 per cent charcoal sand and earth. The soluble s a l t s were 
the chloride, hydroxide and sulphate of sodium. This substance was an i n f e r i o r 
" a l k a l i " when compared to "black ashes" which contained only ten per cent 
insoluble charcoal and earth and the ninety per cent of soluble s a l t s comprised 
sodium chloride, potassium, chloride, solium sulphate, calcium chloride and 
magnesium chloride."VA 
I t must be immediately apparent on these analyse's that as an a l k a l i kelp 
was superior i n that i t contained sodium hydroxide yet Winters goes on to 
compound the error when he states that: 
"The muriate and sulphate of potash are the only a l k a l i s that can be 
used to advantage i n the composition of alum". 
He must therefore have been aware of the new materials and quotes the 
r e s u l t s of h i s ovn investigations into the comparative efficacy of the materials 
he has examined thus. 
22 tons of (commercial^muriate of potash w i l l produce 100 tons alum 
31 tons of black ashes w i l l produce 100 tons alum. 
73 tons of kep w i l l produce 100 tons alum. 
I n these investigations i t i s the s u i t a b i l i t y of raw materials which has 
been under consideration. I t i s reasonable to ask to what extent the chemistry 
of the various steps of the process was understood. 
Ure.and Knapp contributed something to th i s understanding i n their analysis 
of the c l a r i f i c a t i o n process etc. However the f i r s t systematic study of the 
process was carried out by Wilson, a grandson of one of the early partners a t 
the Hurlet plant. 
This account, which appeared i n the "Philosophical Magazine" of June 1855 
followed the process with a series of chemical analyses of the intermediatSJS • 
materials, A comparison of the --flot- e n t i r e l y identical - analyses of the 
shales - raw, calcined and exhausted - provide some points of inte r e s t . The 
re s u l t s have been collated i n the following table: 
Raw 
Shale 
Calcined Shale (Average) Exhausted Shale 
Soluble Insoluble Total Soluble Insoluble Total 
S i l i c a 14.28 36 .79 36 .79 40 .39 40 .39 
Alumina 26.96 2,08 14 .34 16.42 17.25 17.25 
Peroxide of Iron 1.68 21 .53 23.21 30.66 30.66 
Peroxide of Iron 
and Aluminium .92 .92 
Protoxide of Iron 3 .72 
Lime 2 .38 1,19 2 .91 4 .10 1.00 2 .22 3 .22 
Magnesia trace 
Potash .24 
Bisulphate of Iron 11 .13 
Water 2 .02 10,94 10.94 6.36 6.36 
Carbon 3 .98 
Hydrogen 1.07 
Sulphuric Acid 
Nitrogen .62 8 .87 8 .87 1.92 1.92 
TOTAL 100,4 24 .76 + 75 .57 =100.33 10.20 + 90 .52 = 100.72 
The figures i n the "Total" column for calcined and exhausted shales are my 
o^•m additions of the separately quoted figures for "soluble" and "insoluble" 
materials i n these shales. A l l other figures are as recorded i n the a r t i c l e from 
which i t i s apparent that the figures are not exactly percentages but close 
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enough for use i n the calculations which follow. 
A casual glance a t these figures would indicate a very poor level of 
extraction of aluminium from the shale. But i t i s worth reassessing these 
figures i n the l i g h t of the fa c t that the mechanism by which the aluminium was 
rendered soluble was through combination i/ith the sulphur present i n the ore. 
On t h i s basis a simple calculation shows that at best the sulphur i n 11 .13g 
of iron bisulphide; (=4g) would combine with no more than 2 .25g of aluminiimi in 
forming aluminium sulphate. In the analysis t h i s would be quoted as 4 .25g 
aluminisK,"~% I n the two analyses of calcined shale which contribute to the average 
figures shown i n the above table, the highest figure for soluble aluminim i s 
2 ,92^ with the sulphuric acid almost identical i n both samples and hence i n the 
averages (quoted at 8.87^, 8.86^ and an average of 8.87^). 
Yet as pointed out i n the various accounts the loss of sulphur as sulphur 
dioxide was unavoidable when the alum shale was burned in heaps open to the a i r 
and i t was for t h i s reason that a l l such heaps both i n Scotland and i n North 
Yorkshire were plastered with wet exhausted shale. I t i s possible to give some 
idea of the loss of sulphur using Wilson's figures although this was not 
attempted i n the a r t i c l e i t s e l f . lOOg of raw shale contained 11.13 iron 
bisulphide which would give a t most 12 ,26g sulphuric acid after conversion. In 
fac t the calcined shale containing 8.87g sulphuric acid which indicates that 
expected r e s u l t of 4 .25g aluminium i s i l l u s o r y since the achieved weight of 
sulphuric acid could "absorb" no more than 3»14g alumininm. 
Furthermore the same process which rendered soluble the alnminitmi also 
rendered soluble the iron i n the raw shale as iron ( i i ) or iron ( i i i ) sulphate. 
The s o l u b i l i t y of the iron s a l t s i s borne out by the results given for peroxide 
of iron ( ) i n the soluble fraction of the calcined shale. Since 
i n the analysis of the raw shale the iron content i s analysed as protoxide of 
iron (FeO) one can only attempt to interpret the conversion to iron sulphate 
with trepidation. 
I t i s easier to assess the iron by difference; assume that the sulphate 
ion not i n combination with the altmiinium has combined with the iron - the only 
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other metal ion which appears i n the soluble fraction, calciimi, i s quoted as 
lime and would have been made soluble by conversion to quicklime during 
calcination and slaking during solution. 
Thus the sulphate ion not involved i n combination with t h i s aluminium in 
the 2,08g alumina i n the average sample (8.87 - 5.88 = 2 . 9 9 ) which amounts to 
about 34^ of the to t a l sulphate ion must be combined with the iron i n the form 
of an iron sulphate. The "better" of the two shales making up the average would 
give better extraction of the aluminium. The aluminium i n 2 .92g alumina would be 
"absorbed" by 8 .25g sulphuric acid or 93/^ of the available sulphate. 
Such comparisons are i n t r i n s i c a l l y spurious since the rela t i v e cimounts of 
aluminium and iron could not be e a s i l y controlled i n the calcining. 
The value of the above calculations i s i n showing that the inefficiency of 
the above process i n recovering aluminixan from alum shale cannot be l a i d at the 
door of bad management but stands out c l e a r l y as a function of the natural 
mechanism for the process i t s e l f . I t i s clear that a process of digeesting the 
shale i n sulphuric acid must necessarily give a higher level of i n i t i a l 
aluminiiam extraction by providing sulphate i n excess thus making the aluminiimi 
content the limiting factor i n contrast to the old technique where the pyrites i n 
the alum shale limited i t s usefulness. Nonetheless i t was a considerable time 
before the "synthesis" supplanted the old process and for many years the two 
processes existed together i n competition with each other. 
Wilson's analysis of the "steeps" during leaching does not add to our 
knowledge except that separate entries for peroxide of iron and protoxide of 
iron indicates that the liquor contained both iron ( i i ) sulphate and iron ( i i i ) 
sulphate and reinforces the supposition made above. 
The reducing concentrations of each species with each successive steep 
indicates the use of water for leaching instead of the countercurrent "flow" of 
liquors and shale and a further confusing factor i s introduced by Wilson's claim 
that: 
"The potash found i n these analyses i s derived from the mother liquor which 
i s thrown upon the raw shale previous to calcination". 
i n 
Knapp i n h i s analysis of the crude liquor at Gliessen claims that i t 
contains 11,1^ aluminium sulphate and 9»8^ iron ( i i ) sulphate. One can under-
stand these r e s u l t s i f one assumes that Knapp matched up ions to acid radicals 
quoting any excess separately. This he did quoting free sulphuric acid as one 
of his f i n a l e n t r i e s . 
The liquor from the steeps i s then evaporated, i n Scotland, by surface 
evaporation. During t h i s c l a r i f i c a t i o n process a bro™ precipitate containing 
"50 per cent sulphuric acid, 25 of peroxide of iron and about 3 or 4 of alumina". 
This seems to correspond to the slam of North Yorkshire, The brown colour 
indicates an iron ( i i i ) s a l t and the analysis indicates a mixture of iron ( i i i ) 
sulphate and a small amount of aluminium sulphate as predicted in the account of 
bye products above. 
After the "muriate of potash^or sulphate of ammonia^is added^either i n 
solution or dry^ and the liquor l e f t to c r y s t a l l i s e , the f i r s t c r y s t a l s are 
observed to be of a brown colour and^on analysis, found to contain 4 .52^ 
"peroxide of iron". 
The Hurlet process, as mentioned above, involves a double r e c r y s t a l l i s a t i o n . 
After the f i r s t r e c r y s t a l l i s a t i o n the peroxide of iron had dropped to 0 ,88^ and 
on f i n a l reaching t h i s species was only identifiable i n trace eunounts. 
These analyses of Wilson show the rationale behind the various steps of the 
t r a d i t i o n a l process and a valuable comparison between this and the new "Spence" 
process could have been given since, as Wilson claims, this l a t t e r process, or a 
very s i m i l a r one, was i n use at Hurlet from I 8 3 6 , 
I n t h i s "Spence" process: 
"Alum shale containing the smallest amount of sulphur was calcined i n a 
reverbatory furnace; i t was then ground and s i f t e d , the powder was thro™ 
into lead cisterns and hot dilute sulphiiric acid run upon i t , A strong 
action occurred and the greater part of the shale dissolved. The solution 
was evaporated and the a l k a l i applied i n the usual way; the sulphate of 
ammonia was at that time made by d i s t i l l i n g gas liquor into the mother 
liquor of the alum; oxide and sulphide were thro™ down, and the solution 
consisted of sulphate of ammonia". 
However Wilson does not give a similar analysis for this process and we ' 
are l e f t with the above view that,by observation,the extractive process i s more 
e f f i c i e n t with the Spence technique and hence the y i e l d of alum higher. 
SULPHURIC ACE) 
PREFACE 
The purpose of t h i s chapter i s to sketch the development of the manufacture' 
of sulphuric a c i d from about the mid eighteenth century to about the mid nineteenth 
century. This covers the period during which the main developments i n technique, 
plant organisation and control of the "lead chamber process" took place. 
INTRODUCTION AND HISTORICAL SURVEY^SUMMftM OP ncCQUWTJ Of CHMPegi.U tftyP CUOW 
Oi l of v i t r i o l - the Nordhausen acid - was t r a d i t i o n a l l y produced by the 
d i s t i l l a t i o n of iron ( i i ) sulphate. A slow process which produced highly 
concentrated acid i n small batches; i t was s t i l l a commercial proposition 
during our period and althotigh not %/ithin the scope of this essay i t i s worth 
mentioning by way of comparison that s i x c\ft3 of iron ( i i ) sulphate produced 
64 potinds of v i t r i o l which i s le s s than 25 per cent conversion. 
The technique which developed into the large scale process was f i r s t used 
i n t h i s country by the notorious Joshua Ward^ ) . This process had been i n 
use for many years on the continent and was described i n I67O by le Febres.' 
I t consisted of burning a mixture of nitre and sulphur under a glass " b e l l " 
and absorbing the vapours produced i n water. 
This reduced the price of acid from cost per ounce to cost per pound - a 
factor of 16. 
The mass production of sulphuric acid was not possible in glass j a r s 
where increase i n size creates increased r i s k . 
The substitution of lead houses as reaction vessels took place i n 1746 
at the works of Roebuck and Garbutt of Steelhouse Lane, Birmingham. The process 
used was i d e n t i c a l to that of Ward who pursued them for infringement of patentj 
Nonetheless t h i s plant continued i n use for over a century; i t s f i n a l demise 
being about 1847. 
The second Roebuck plant was b u i l t i n Prestonpans i n 1749 and began to 
export acid to France, Holland, Germany, England and Ireland I t 
operated^^^'secretly" for twenty years - Faujas de St Foud foimd high walls 
around i t - but absconding or sacked workmen carried the process details i^dLth 
them, for example Samuel Falconbridge who went to Bridgnorth i n 1756, Other 
plants were being b u i l t a t Govan and Edinburgh, at Bradford i n 1750, and i n 
Battersea. 
Roebuck was unsuccessful i n contesting one of these operators (Sterling) 
for infringement of patent and subsequently the fortunes of Prestonpans 
declined yet Faujas de St Fond reckoned that i n 1784 i t was s t i l l the largest 
works i n Great B r i t a i n . 
Following the l i t i g a t i o n many more plants were now b u i l t ; Farmer at 
Kennington i n 1778; Baker Walker and Singleton i n 1783 at Pittsworth Moor 
near E c c l e s ; by 1820 twenty-three plants were using the process to make acid 
as follows: London ( 7 ) , Birmingham ( 4 ) , B r i s t o l ( 2 ) , Manchester ( 2 ) , Bolton ( 2 ) , 
Newcastle ( l ) . I n the Birmingham area there were eight plants 
The process had spread to America i n 1793 and was introduced to France 
by John Ho Ike r . 
The main advance came when the consumers began to manufacture acid 
themselves - possibly due to transport d i f f i c u l t i e s and increase i n demand. 
This l a t t e r factor was according to Park- J due to the needs of the fteblanc 
process, to a le s s e r degree "superphosphates" and, u n t i l the introduction of 
saponification under pressure, the manufacture of Stearic acid (also used i n 
soap making). 
I n terms of chronology the Wulk user/manufacturers f i r s t appeared i n the 
new chorine bleaching industry. The St Rollox plant was also set up i n 1799 
to manufacture Tennants' bleaching powder. I n i t i a l l y they bought Prestonpans 
acid a t £60 per ton delivered but by I8O3 Tennant had b u i l t his o\m plant 
burning 1,000 pounds sulphur per week. 
In 1811 Thomas H i l l and Uriah Haddock patented a process to replace 
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sulphur with p y r i t e s . 
Gay Lussac showed that n i t r i c oxide could be absorbed in sulphuric acid 
and i n 1827 b u i l t a tower at St Gobain i n an attempt to use this principle 
to save n i t r e . The problem created was - what use was the nitrous v i t r i o l 
produced? This process was rarely used i n England u n t i l the nitre shortage 
i n the second half of the nineteenth century. 
The Tennant Muspratt machinations , led to a French monopoly on 
sulphur from S i c i l y i n 1838 which was broken in 1842. In England sulphur never 
regained i t s old importance as a raw material , and although i n France there 
was no immediate incentive to replace sulphur by 1867 pyrites became the usual 
raw material i n France also 
However, price was always the governing factor and as i n 1854 a f i r e 
I 
revealed a large store of sulphur at A^husen's works in Gateshead. 
Farmer of Kennington t r i e d to replace sulphur by pyrites i n 1838 and i n 
1840 John A l l e n of Heworth imported the f i r s t pyrites into the Tyne and for 
the next f i f t e e n years the Tyne A l k a l i men t r i e d to develop burners suitable 
for roasting p y r i t e s . 
1866 saw Tennant i n the s p i r i t of the 1830s, trying to persuade fellow 
manufacturers to obtain control of Spanish pyrites and to this end they formed 
the Tharsis Sulphur and Copper Company which b u i l t plants at Glasgow, Tyneside 
and Widnes. 
The company sold pyrites on the understanding that burnt ores would be 
returned to Tharsis for copper extraction. 
Glover i n 1859 b u i l t f i r s t "Glover tower" at the Washington factory of 
Pattinsons F e l l i n g Chemical Company, This was used i n conjunction with Gay 
Lussac's tower, A second tower was erected at Washington i n 186l, Wallsend 
the samie year, and in A l l the large works on Tyneside adopted the process 
between 1868 and iStO, I t was introduced to Lancashire in 1868; London 1870. 
Lunge published the method i n Dinglers Polytechnic Journal of 1871 which 
a s s i s t e d the transmission of the idea to Germany. 
Campbell sums up development at t h i s stage thus. 
"By the 1870s chamber process reached height of efficiency. Residue from 
pyrites burners was sold to iron and copper smelters. Spent oxide from 
gasworks a secondary source of sulphur, fidtrous fumes recycledjcontrol 
of gases ensured continuous production." '-, ' 
At about t h i s period the process which has now superceded the lead 
chamber process was emerging. Following P h i l l i p s patent of 1831 Messier and 
Squires i n 1876 succeeded i n combining sulphur dioxide and oxygen over 
p l a t i n i s e d pumice. I n their Silvertown works they decomposed chamber acid, 
passed the hot vapours over a platinum cat a l y s t and absorbed the fuming acid 
gas i n large Woulff bottles, Winkler, a German contemporary, used the .same 
process with p l a t i n i s e d asbestos. I n both cases the reactants were i n 
sfoitVuomclrrc proportions and i t was only i n 1895 that B.A.S.F, "Research 
and Development'l)Cpt;' proved that excess of oxygen (for discussion of 
development of theory see rtoTe-^W?!) a s s i s t e d the reaction. This discovery had 
l i t t l e e f f e c t i n B r i t a i n where the demand for fming acid had decreased. In 
Germany however, the dyestuffs industry, a large scale consumer of fuming acid, 
was developing subsequent to the synthesis of indigo by B.A.S.F. I n 1905 Lunge 
suggested anhydrite as a source of the sulphur dioxide. 
The scene changed i n B r i t a i n i n the F i r s t World War when demand for 
explosives led the Government to erect plants i n Scotland, Lancashire and 
Yorkshire. Germany, faced with similar problems, used an anhydrite based 
process. 
At Billingham the anhydrite mine was sunk i n 1929 and production of acid 
commenced i n 1930 followed by Widnes (l954) and Itfhitehaven (1954). 
I . C . I , gave d e t a i l s of their process to the U.S.A, in 1951 following a 
gloomy forecast of sulphtir reserves i n Louisiana i n 1950. 
During t h i s century the lead chamber process has been progressively 
replaced by the contact process and i n 1971 lead chamber plants are only 
25 per cent of t o t a l and their production i s only ten per cent of the t o t a l . 
DEVELOPMENT OF THE PLANT TECHNIQUE 
Wards reaction vessels or " b e l l s " had a capacity of i^ iO-SO gallons and 
although the factory contained many such b e l l s each one was in effect a 
separate 'plant' since i t needed separate tending. 
By comparison Roebuck's Prestonpans plant of 1749 consisted of a room 
containihg 30 lead houses each 82^ feet x 6 feet x 4 feet - a volume of 204 cubic 
feet or 1270 gallons. These chambers were strengthened with wood frames and 
bedded i n sand but again each chamber was e f f e c t i v e l y a separate plant. 
The mode of operation was simple - one pound of an 8:1 mixture of 
sulphur; n i t r e i n a lead tray was put into the 'house' through a ten inch 
hole near the bottom of one w a l l . The house contained about S- cirts of water. 
The charge was ignited and, the hole closed with a lead stopper and the mixture 
l e f t to burn for two hours. The ^ hole was then opened for one hour, a fresh 
charge placed on top of the original one and the process repeated. After 
three charges had burned, the tray was scraped clean of residue ( s a l t s ) . This 
cycle was repeated u n t i l the acid had become concentrated (S.G,1,25) enough 
foijevaporation to be attempted^-\^, 
This could be represented thus: 
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T^irenty years l a t e r the process was i n common use as explained above. 
Kingscote and Walker at Battersea were using 72 c y l i n d r i c a l cylinders s i x 
feet high by s i x feet diameter - capacity of 70 cubic feet each - plus 
four cubical vessels of 12 feet edge - capacity 1728 cubic feet - which 
l a t t e r Parkes claims were unproductive and sold as scrap. 
These cylinders were formed round wooden cylinders, the ends lapped 
and soldered and the bottom and cap soldered on. There was only one aperture 
closed by a mahogany door. 
A l a t e r plant of 1783 - Baker^Walker and Singleton at Pitsworth Moor 
near Eccles (Walker was Parkes nephew) comprised four chambers^twelve feet 
edge and four chambers forty five feet by ten feet by twelve feet - capacity 
5,400 cubic f e e t . ^ ^ 
1799 saw a Machester plant comprising six chambers ten feet by ten feet 
by twelve feet - capacity 1,200 cubic feet - each with a door and^on top^a 
valve for v e n t i l a t i o n between burnings. The floors were constructed to 
hold water to a depth of eight to nine inches - about t h i r t y nine hundredweights 
of water - and were loaded with 116 charges of a nitre sulphur mixture of 
1;7 or 8 introduced on two trays. Combustion took one hour, iAfo hours were 
allowed for condensation then the door and valve were opened to "sweeten" the 
chambers. These operations were repeated every four hours day and night for 
s i x weeks a f t e r which the acid ^*as concentrated i n lead vessels. 
A conjecture4 representation would be: 
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The St Rollox plant set up also i n 1799 was a three storey building 
f i f t y feet by twenty four feet. On the top floor were chambers; f i r s t floor 
houses concentrating retorts and the ground floor was for i n i t i a l 
concentration. The s i x chambers had dimensions twelve feet by ten feet by 
ten feet and cost £50 each. 
A l l the above processes involved burning sulphur inside the chambers 
which produced a residue of " s a l t s " or "sulphur ashes". In 1808 Tennant 
f i t t e d one of his chambers with an outside furnace and only the vapours were 
allowed into the chambers. This innovation spread to a l l the chambers by 
1811 on the basis of one furnace to two chambers. The gas flow direction 
being controlled by dampers. The immediate p r a c t i c a l value of t h i s i s that i t 
allowed recharging without entering or evacuating the gas f i l l e d chambers.' 
The use of steam i n j e c t i o n was introduced by De Lee F o l l i e of Rouen i n 
1774 and to St Rollox,in I 8 I 3 and 1814. The purpose of this was to keep 
chambers warm and at that time the r e a l development - of introducing the 
remaining component (water) i n gaseous form^went unnoticed.^ 
By 1825 Roebuck's batch process had sett l e d into a practice which could 
be described thus - note the absence of Tennant's improvement. 
The charge - one potmd charge to each three hundred cubic feet of 
chamber-is ignited by burning coals and the chamber luted, Steeun i s passed i n ; 
the £imount determined by t r i a l and error. As the reaction gets under *^ay "rain" 
can be heard on the inside of the chamber and the charge i s raked from time to 
time. (During t h i s time the chamber becomes completely f i l l e d with gas). The 
pressure i n the chamber could be controlled by valves or more usually by 
opening a hole i n the charging door whenever creaks, pushes on the walls or 
the escape of white fumes showed i t to be necessary. 
The burning lasted twelve hours and a subsequent tiro-three hours ^'fas 
. - - ^ • • 
allowed for condensation of the gases. 
The chamber was then h i t with a hammer - i f this produced an empty ring 
condensation was complete. 
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The chamber was then ventilated by opening doors i n the sides and roof 
upon which fmes of nitrogen ( i v ) oxide emerged. I f the. emergent fnmes had a 
suffocating smell (due to sulphur ( i v ) oxide) the operation was deemed bad, 
otherwise a good operation was acclaimed and the acid obtained was about 50° 
Beaume (63^ acid).1>^^^ 
The methodsjdescribed above which were i n essence developments of the 
o r i g i n a l Roebuck process are^imilar i n that the chambers were closed throughout 
the operation and had to be "sweetened" by v e n t i l a t i o n before the next batch. 
This l a s t technique was designated by Smith the "Improved Batch" process who 
describes an alternate process ^rfiich was coming into use at the same time. 
This "continuous" process l e f t the chamber open during combustion so a current 
of a i r passed through, ( i t was some time before steam in j e c t i o n was used i n 
t h i s method). The effluent:^ gas was mainly nitrogen with small amounts of 
sulphurous and sulphuric acids and oxides of nitrogen which was passed throxigh 
water to c o l l e c t the " l o s t acid" which was added to acid i n chambers. 
When the charge ceased to biirn another charge was introduced immediately 
and successive charges were introduced u n t i l the f l o o r acid was -kO^Beaxme 
(42-9^ a c i d ) , 
A tabular comparison of the two processes was given by Smith, 
Improved Batch Process Continuous Process 
1, Higher strength 50^-55°^ usually 35°-45*'b (42**-55*'acid) 
(63-70^ acid) 
2, Strong enough for some di r e c t needed to be concentrated by 
uses (easy to concentrate) b o i l i n g . 
3, Chamber had to be l e f t during quicker more acid/time concentration 
various operations (above) of p u r i f i e d acid 
4, High pressures produced needed Pressure did not need control which 
control gave chambers a longer l i f e . 
By the 1830s the batch process had given ivay to the continuous process. 
The improved methods gave a y i e l d of 250 kg acid from 100 kg sulphiir 
{83L% t h e o r e t i c a l ) compared with the former y i e l d of 100 kg acid from 100 kg 
sulphur (M fo t h e o r e t i c a l ) . 
The development of suitable furnaces for pyrites led to t h i s hecoming 
I t 
the standard raw material i n the 1860s but did not supercede sulphxir e n t i r e l y 
j since sulphur produced a purer acid. The pyrites was more available but 
produced greater wear and tear to the chambers, required more n i t r e and the 
p y r i t e k i l n s were more expensive* 
The acid produced was acceptable for processes where the presence of 
"arsenious acid" (Vas constituent of a l l pyrites") was not an insurmountable 
e v i l . The arsenic also corroded the platinum s t i l l s ' ; 
I n practice acid for galvanising, bleaching, dyeing, p r i n t i n g etc needed 
sulphur as the raw material. Lock and Lock quote analysis by H.A. Smith to 
show that claims of arsenic free pyrites are not to be depended upon. 
Source of Pyrites Merchant fiecure % Assay 
Spanish 0.21 - O.3I 
Belgian trace 0.943 
Westphalian trace 1.878 
Tharsis I.65I 
Mason 1.7^5 
Hard 1.649 
Soft I.7O8 Norwegian none 
I r i s h 0.33 
Cornish O.32 
I t a l i a n trace -
Swedish trace 
Cleveland -
Various methods were used to p u r i f y the produced acid of arsenic. 
To remove arsenic hydrogen sulphide was added to the acid which was 
f i l t e r e d through coke (expensive) or ground iron ( i i ) sulphide added to acid 
then f i l t e r e d . This would make the acid f i t for galvanising but not bleaching 
etc. 
"The substance next t r i e d was sodium sulphide added to a known qTiantity 
of sujphuric acid i n excess of the previously determined arsenic 
t r i o x i d e . " 
This \fa3 followed by coke f i l t r a t i o n . This method gave satisfactory results, 
the expense was moderate but l e f t the problem of getting r i d of the H^ S from 
excess sulphide. 
Lock and Lock go on to remark that: 
"Another plan t r i e d was addition of common s a l t to the re t o r t s during 
concentration but t h i s had no p r a c t i c a l results and we t r u s t Mr Smith 
w i l l not repeat that experiment." 
An interesting laboratory method which was not used i n plants was the 
addition of the "necessary" amount of sodium hjrposulphite to chamber acid 
(il06°T\^ ) heated to 70*^-80°. The arsenic floats on the surface as flakes of 
arsenic ( i i i ) sulphide (AsgS^). This was modified to use Barium Chloride 
which prevents the adulteration of the acid by sodiiim sulphate. 
Conscious attempts to avoid complications by selection of pyrites are also 
outlined. 
I t i s recommended that pyrit© containing quantities of earthy carbonate 
detected by action of d i l u t e acid giving carbonyioxide be rejected since the 
carbon dioxide would be produced during calcining and interfere with the 
process. . , 
The cohesive properties of the ore (crianbly versus compact) affected the 
preparation f o r the furnaces since the usual process was to break the pyrites 
into pieces not larger than one and a half cubic inches (does he mean inches 
cubed?) using a steam ston^reaker or boys using sledgehammers. The l a t t e r 
gives less dust which would otherwise choke the draught i n the k i l n s , Also a 
poor ore would bu?]n i n a bulky mass but a r i c h ore burned i n t h i s i*ay would 
fuse into? slag. 
The sulphur content of the pyrites could be determined i n three rays: 
a) specific gravity 
b) by mixing Ig pyrites with 2g potassiinn chlorate and 
5g sodium carbonate; heating d u l l red heat f o r ten 
minutes; cool and leach the product; t i t r a t e remaining 
sodium carbonate with sulphuric acid; calculate sulphur 
i n sample by difference. 
0 oxidise pyrites with c.BNO or dil.HNO + KCIO , use Barium 
Chloride to precipitate sulphate and estimate. 
Si m i l a r l y with n i t r e , the usual impurity was sodium chloride and i t was 
recommended that a sample containing a large amount of "foreign matter" be 
rejected since platinum used i n concentrating the acid i s affected by sodium 
chloride. 
The theorectical y i e l d according to Lock i s 100 parts sulphur gives 306 
parts sulphuric acid at 66° Beaimie but usual y i e l d i s 275 - 300 parts acid. 
Lock recommends 113 cubic feet a i r to each l6 pounds sulphur and that 
the steam pressure should be 40-50 poimds per square inch. Superheated steam 
was regarded as unsuitable and too much steam reduced the strength of the 
chamber acid. On the other hand too l i t t l e steam gave a danger of chamber 
crystals forming. 
Since capacity of k i l n s determined quantity of material to be burned i n 
a given time the charge must be regularly and unvaryingly supplied. 
The n i t r e pots were put i n with the charge and contained n i t r e plus 
sulphuric acid (three pots i n use^ two always i n k i l n ) . The idea was to 
f a c i l i t a t e the extraction of a l l the nitrous gas leaving a soft white cake of 
sodium sulphate which could be easily removed. I f a l l the nitrous gas not 
removed then heavy red fumes (nitrogen ( i v ) oxide jf^'Wtjrj) are given o f f when 
the cake i s removed. 
Lock advises that the plant manager should keep a chamber Day Book, 
The organisation of chambers had developed considerably by I867. Smith 
points out that attempts to increase efficiency by dividing chambers or putting 
them i n series had been attempted and Lock gives a number of diagrams where the 
d i f f e r e n t chambers i n series had stated ftinctions i n the process. 
i r 
1 
1, 2 working chambers i n 
connection with k i l n s , 
3 receiving chamber leading 
to condenser and chimney. 
1, 2 working chambers 3,4 receiving chambers 5 condenser 
Lock commented on the need for both large space and area during 
condensation yet Park claims that even i n 1879 when Lunge gave the upper l i m i t 
of chamber size as 70,000 cubic feet there was no realisation that a large 
cooling area was needed to "remove heat of reaction." We could summarise the 
development i n chamber design thus.' 
one one 
long chamber 
(cuboid) 4 
curtained chamber 
(lead p a r t i t i o n s ) 
series 
of small 
chambers 
A further advantage of a series of small chambers was that a defective one 
could be taken o f f steam and r e b u i l t without shutting plant, 
A 
I n 1859 John Glover at the Washington factory of Pattinson's Felling 
Chemical Company b u i l t a tower of f i r e b r i c k s set i n molten sulphur and packed 
with f i r e c l a y t i l e s which was introduced into the flow line between the pyrites 
furnaces and the chambers. During the year that t h i s tower operated i t 
demonstrated the soundness of the idea of d i n i t r i f y i n g the v i t r i o l by t r i c k l i n g 
the nitrous v i t r i o l dow the tower counter current to the hot burner gas. I n 
simple terms 
1, the hot sulphurous gases collected n i t r i c oxide on the way up 
2, the d i n i t r i f y e d acid flowed into a reservoir at the base of the 
tower. ^ 
The nitrous v i t r i o l was the product of the Gay Lussac tower where waste 
nitrous gas Airas absorbed i n sulphuric acid flowing counter current to the r i s i n g 
gas. The Glover tower above ©wA'' Gay Lussac towers used together solved the 
problem mentioned i . e . what to do with the Gay Lussac towers nitrous acid. 
(30 
The concentration of the acid was accomplished by bo i l i n g i n open pans 
then, at f i r s t , by d i s t i l l i n g i n glass re t o r t s whose size was naturally limited 
and the fear of breakage from local overheating led to the use of sand baths 
or l u t i n g the r e t o r t with (say) clay and horse dung. 
In 1806 Wollaston made platinum malleable and made the f i r s t platinum 
s t i l l i n I8O9. These s t i l l s were often porous and the v i t r i o l oozed through. 
Soldering with gold was an expensive remedy (Smith comments that i n France 
platinum vessels were used i n r e c t i f i c a t i o n e a r l i e r than i n B r i t a i n and that 
the ¥ollaston s t i l l s were " i n f e r i o r to French".) 
Sainte Clare Deville melted p l a t i n m i n oxygen/coal gas blowpipe and thi s 
was non-porous. After I86O these s t i l l s were mechanically re l i a b l e but not 
immortal since the arsenic i n pyrites ores carried over into the acid and 
corroded the s t i l l s (see above). They were also very costly - that of Lee and 
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Pattinson's at Fel l i n g was valued at £924. 15. 0. i n 1840. 
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DEVELOPMENT OF COAL OAS MANUFACTURE 
EARLY ATTEMPTS 
Clow feels there i s l i t t l e to be gained from the early history of gas 
making before c.1780 since p r i o r to t h i s time 
"The I n d u s t r i a l Revolution had not advanced s u f f i c i e n t l y to create a 
demand for longer hours. The emergent palae©technic iron industry too 
would have found i t s t i l l very d i f f i c u l t to supply (the f i t t i n g s ) . " J7J 
Elton comments that the Napoleonic Wars disturbed imports of Russian 
tallow and Swedish tar without trj'-ing to correlate t h i s to the developments i n 
large scale u t i l i s a t i o n of coal gas for l i g h t i n g i n the early years of the 
nineteenth ceniry. 
Another factor must surely have been the interplay of personalities 
involved with the " r i g h t man being i n the r i g h t place at the r i g h t time." 
The " r i g h t man" i s i n t h i s case William Murdoch, an employee of the firm 
of Boulton and Watt, known for t h e i r entrepreneurial s k i l l s , ("The r i g h t place") 
and perhaps the tallow shortage provided "the r i g h t time" as far as the m i l l 
owners were concerned. 
William Murdoch, a native of Bellow M i l l , Auchinlick, Ayrshire, joined 
Boulton and Watt i n 1777 and rose to become t h e i r principal Manager i n Cornwall, 
which job he held u n t i l 1799. 
I t i s now a matter of f o l k history that i n 1792 he lighted his office and 
house at Redruth i n Cornwall with coal gas and l i t his way home i n the evening 
using a bladderful of gas as torch f u e l . 
Was he prompted to attempt these "investigations" by a l e t t e r of one John 
Champion of B r i s t o l to Boulton i n 1790 or did he know of the discussions which 
the junior Watt had had with Dundonald, father and son, about the same time? 
Both these suggestions were made by Clow. I n the event, Murdoch denied having 
any knowledge of Dundonald's work p r i o r to his own developments of 1805. 
Elton remarks that Murdoch was being discouraged by the firm at t h i s point. 
I t seems unreasonable, however, to subject Murdoch's early work to t h i s 
scrutiny. At t h i s point i n time, he was merely one of the small band of people 
who i n the closing decades of the eighteenth century had u t i l i s e d coal gas on 
a small scale f o r such operations. To give some exeimples. Professor Minckeler 
had l i t his lecture room at Louvain University with coal gas i n 1784, George 
Dixon, a small coalowner of Cockfield, Durham, had l i t his house sim i l a r l y (a 
very p r i m i t i v e arrangement). Lebon i n France was using gas to l i g h t his house 
and gardens at the same time as Murdoch, 
I n 1798, Murdoch, using an iron r e t o r t , 
"erected an apparatus for the production of gas at the manufactory 
of Messrs Boulton and Watt at Soho".'^^() 
Lebon i n Paris was also involved i n developing gas l i g h t i n g and i n view of 
the contacts of the Watts with Paris at t h i s time, one suspects that what was 
known i n Paris was known i n Soho, So much so that the promise shown by Lebon's 
work led Watt junior to write home i n 1801 urging that Murdoch commence 
developing immediately. 
Both Lebon and Murdoch used gas l i g h t i n g displays to celebrate the Peace 
of Amiens i n 1802. I n the event, Murdoch's display consisted of two "Bengal 
f l a r e s " attachments at each end of the factory fed from a r e t o r t placed i n the 
fireplace. 
Clegg jtrnior asserts 
"This was the only gas used on that occasion, the rest of the manufactory 
being illuminated by the usual small glass o i l lamps and not with the 
gas as has been erroneously stated, " i j ^ f j . 
The "erroneous statement" probably derives from the more aabitious plans 
which had been devised f o r t h i s occasion, but not executed. Clegg claims as his 
source f o r the above claim, his father who was at that time a 'pupil' of 
Murdoch's and present on t h i s occasion. 
The Soho foxindry was illuminated by gas the following year with the r e t o r t 
feeding the burners v i a a gasholder of depth 6 feet and diameter 8 feet. The 
r e t o r t was as described above,^ 
This r e t o r t suffered from the coal being present i n a bulky mass which 
led to waste of heating f u e l . The heating area i.e. the outside of the r e t o r t . 
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was too small compared to the mass of coal and since the coal was being slowly 
converted to a coke from the outside i n , heat transfer became progressively 
slower as carbonisation progressed. 
Murdoch began to experiment with d i f f e r e n t r e t o r t s moving from the sqiiat 
cauldron to the long cylinder. The f i r s t setting of th i s cylinder gave some 
improvement i n the problems outlined above but made removal of coke more 
d i f f i c u l t . ^ 
The design which quickly became the accepted one for many years was the 
horizontal cylinder which made coke removal easy and gave a large heating area 
compared to the mass of coal. Further experiments on the shape of the cylinder 
continued w i t h Murdoch and l a t e r with other workers (e.g. oval, ear shaped, e t c . ) . 
Nevertheless, when Murdoch i n 1805 lighted the cotton m i l l s of Messrs 
P h i l l i p s and Lee at Salford, the r e t o r t was similar to the or i g i n a l model -
p a r a l l e l sided without a coke hole i n the bottom, the coal put i n and coke 
removed using a crane. 
HENRY'S RESEARCHES 
As well as the "chemical engineering" research conducted by Murdoch, 
extensive related research began at t h i s point i n the f i e l d of applied chemistry. 
William Henry made many investigations on gas plant at P h i l l i p s and Lee s works. 
Elton claims that Henry, i n f a c t , helped Murdoch i n his development work, 
Buckley and McCulloch have discovered and presented manuscript evidence of 
Henry's researches as the P h i l l i p s and Lee gas plant, 
A summary of Henry's work i s presented by himself i n a paper read to the 
Royal Society on 22 February 1821 and can be i l l u s t r a t e d i n t h i s extract. 
" I n the f i r s t of these essays (Nicholson's journal 8 June I8O5), I 
detailed a series of experiments on the gases obtained by the destructive 
d i s t i l l a t i o n of wood, peat, p i t coal, o i l , wax, etc from which i t appears 
that the fitness of these gases f o r a r t i f i c i a l illumination was greater 
as they required f o r combustion a greater proportional volume of oxygen; 
and that the gases generated from d i f f e r e n t inflammable bodies or from the 
same inflammable substances under d i f f e r e n t circumstances, are not so many 
d i s t i n c t species, which under such a view of the subject would be almost 
i n f i n i t e i n number, but are mixtures of a few well kno^vn gases, chiefly of 
carburretted hydrogen with variable proportions of d e f i a n t , simple 
hydrogen, sulphuretted hydrogen, carbonic acid, carbonic oxide and 
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azotic gases; and that the elast i c f l u i d s obtained from coal o i l etc 
have probably i n addition to these, an inflammable vapour diffused 
through them when recent which i s not removed by passing them through 
water. I n the same paper, I explained certain anomalies that appeared 
i n the experiments of the late Mr Cruickshank of Woolwich, which are not 
at a l l chargeable as errors upon that excellent chemist and could only 
be elucidated by further investigation of the gases to which they relate -
to Mr Dalton also we are indebted f o r an accurate acquaintance with 
carburretted hydrogen gas and for much information that i s valuable i n 
assisting us to judge of the composition of mixed combustible gases by 
the phenomenon and results of f i r i n g them with oxygen. 
" I n the second memoir (Philosophical Transactions 1808), I described a 
series of experiments on the gases obtained from several d i f f e r e n t 
v a r i e t i e s of p i t coal and from the same kind of coal under d i f f e r e n t 
circumstances. Various species of that mineral were found to y i e l d 
aeriform products, d i f f e r i n g greatly i n specific gravity combustibility 
and i l l u m i n a t i n g power; thecannel coal of Wigan i n Lancashire being 
best adapted to the purpose and the stone coal of South Wales, the least 
so. I n decomposing any one species of coal, the gaseous f l u i d s were 
ascertained not to be of uniform q u a l i t y throughout the process, but to 
vary greatly at d i f f e r e n t stages; the heavier and more combustible gases 
coming over f i r s t , the l i g h t e r and less combustible aftenmrds. By 
subsequent experiments on the gases obtained from coal on the large scale 
of manufacture, i t was found that a similar decline i n the value of the 
products takes place but not to the seime extent, owing, probably, to 
the greater uniformity of temperature which i s attainable i n large 
operations." 
The analysis giving rise to these conclusions were tabulated i n the 
papers e,g. t h i s table shows gas composition related to progress of 
carbonisation, 
GAS FROM WIGAN CAMEL COAL 
TIME OF SPECIFIC ABSORBED LIGHT CARBONIC HYDROGEN NITROGEN 
COLLECTION GRAVITY BY CARBURRETTED OXIDE 
CHLORINE HYDROGEN 
1st hour 0,650 13 82,5 3.2 0 1.3 
0,620 12 72 1.9 8,8 5.3 
0,630 12 58 12.3 16 1.7 
5 - 1 0 hours 0,500 7 56 11 21.3 4.7 
a f t e r 0.345 6 20 10 60 10 
commence 
(These results have been confirmed by l a t e r workers on many occasions). 
The f a c t that a par t i c u l a r coal q u a l i t y was preferred shows again a conscious 
determination of process factors, 
Cannel coal, the preferred raw material i s described by Van Kreuvelen and 
Schuyer as a d u l l black coal with a conchoidal fracture. A splinter of th i s 
coal can be li g h t e d with a match and i t s derived i t s name from the word 
I S ? 
"candle" since i t burns with a long and steady flame. I t s o r i g i n i s 
a t t r i b u t e d to spore accumulations i n the vegetable muck of the carboniferous. 
(See Accum below for research i n coal choice). 
The f i r s t gas plant was i n many ways a p i l o t plant or was i n fact treated 
as such by Boulton and Watt, Murdoch and Henry. That this should be possible 
i n a working m i l l , owes much to the management and one of the partners, George 
A. Lee (176I - 1826) has been described by Robert Owen as "one of the most 
s c i e n t i f i c men of the day". He was a friend of Thomas Boulton and Jfimes Watt, 
Peter Ewart, William Street, William Murdoch and William Henry to whom he gave 
assistance i n his chemical researches to improve the process. 
Further experiments by Henry Creighton show many more of then known 
factors i n the process. The t o t a l quantity of l i g h t produced by the u n i t i n 
f u l l operation was assessed as equivalent to 2,000 "mould candles" which 
consumed tallow at the rate of 4/l0 ounces per hour. The illumination was 
provided by 271 Argand burners - the Boulton and Watt firm had modified the 
o r i g i n a l o i l lamp design to allow i t to be used with gas - 633 Fleur de l i s 
shaped burners (dubbed 'Cockspurs' by the workmen). 
The Argand and Cockspur burners were rated as equivalent to 4 candles 
and 2^ candles respectively. 
The t o t a l gas demand was assessed a t 1250 fVhr which could be produced 
by 32 cwt of cannel coal (capacity of the retorts was 15 cwts of coal each). 
Boulton and Watt had t r i e d to p u r i f y gas chemically but at time of 
i n s t a l l a t i o n , gas s t i l l gave some noxious odours although i t seems l i k e l y that 
the gas holder would contain lime i n water. In any case, Clegg notes that 
.syphons were needdd along pipes to collect condensing t a r - . 
THE '1805' PAPER TO THE ROYAL SOCIETY 
Most of these details of operation together with a costing of the process 
which claimed i t s advantages over t r a d i t i o n a l illumination were presented to 
the Royal Society on 25 February I8O5 i n a paper read out by Sir Joseph Banks 
i n the name of William Murdoch. 
1% 
Clow claims that t h i s paper can be found i n d r a f t with a l l corrections and 
amendments i n the Boulton and Watt papers and none of i t i s i n Murdoch's w r i t i n g . 
He further claims that while the paper was being prepared, Murdoch was i n 
Portsmouth attending an engine. The paper was therefore prepared by Watt 
senior and junior and furthermore, the experiments described were carried out 
at P h i l l i p s and Lee by H Creighton. 
The whole operation seems to resemble a well thought out operation since 
"the man" - Murdoch - despite the needs of "the time" - war shortage - would 
have achieved nothing without the investment of Boulton and Watt, who had 
i n i t i a l l y l a i d out £4-£5,000 on the venture and who, by mid 1806, had stocks 
of 1,300 burners and 10,000 feet of gas tubing. This had increased by a factor 
of three by I8O7 when i n addition, they had on order 12 r e t o r t s , 100 patent 
lamps, 5)000 burners and 4,000 feet of gas tubing. 
EARLY COMPETITION 
Nor was t h i s the only operating plant for gas illumination i n I8O5. 
Clegg, who as a Boulton and Watt employee must have learned much during the 
development stage, was i n competition with Murdoch and they were racing neck 
and neck to complete the " f i r s t i n s t a l l a t i o n " . Clegg according to his son, 
won narrowly and the son w i t i n g i n 1841 describes how: 
" I n the Cleggs journal which I have before me, i t i s stated that the 
cotton m i l l of Mr Henry Lodge at Sowerby Bridge near Halifax was 
lighted with gas a f o r t n i g h t before that of Messrs P h i l l i p s and Lee; 
Mr Clegg had made his men work overtime i n order that his apparatus might 
be the f i r s t completed, there being a f r i e n d l y s p i r i t of emulation ( J t ^ 
between Mr Murdoch and his pupil i n advancing the progress of gas l i g h t i n g . " 
Murdoch, i n a l e t t e r to Boulton and Watt, seems to raise t h i s claim above 
the level of f i l i a l l o y a l t y as well as giving a wry insight into the "frie n d l y 
emulation". I t seems more a case of cut-throat competition. He wrote on 
12 December I8O5: 
" I f material cannot be forv\rarded i n a more expeditious way than they 
have h i t h e r t o , i t i s no use to think of taking orders here for your old 
servant Clegg i s manufacturing them i n a more speedy manner than i t 
appears can be done at Soho", ^^^^qV 
In spite of the pioneering work of the Boulton, Watt, Murdoch, Henry 
131 
consortium, we must now turn to Clegg to observe the further development of gas 
l i g h t i n g techniques (Murdoch carried on i n s t a l l a t i o n s for many years and Henry's 
contributions to gas l i g h t i n g research continued also, especially i n analysis). 
Elton concludes: 
",.. Murdoch, Boulton and Watt ... did not grasp the significance of the 
fuel which they did so much to perfect. The development of the ^ s industry 
... i s not so much due to them as to such men as Winsor ... and the elder 
C l e g g . " ^ ^ 
The most pressing problem was to f i n d ways of adequately purifying the gas, 
especially i n the removal of ammonia and hydrogen sulphide which were i n the 
main responsible f o r the "offensive effuvia" and which caused headaches and 
could a f f e c t the lungs vammonia). Hydrogen sulphide i s as poisonous as hydrogen 
cyanide but i s happily detectable by i t s smell i n very small concentrations. 
Lime was used to absorb both these gases. Who f i r s t introduced i t ? 
Elton claims that the "lime process as such was invented by Henry or Heard, Clow 
feels i t was probably used i n P h i l l i p s and Lee i n s t a l l a t i o n by Murdoch, merely 
by adding lime to water i ^ gasholders, 
Clegg developed i t s use by adding a paddle to the gasholder which was 
i n s t a l l e d i n part of the apparatus i n the gas l i g h t i n g plant at Harris' m i l l at 
Coventry 1809. I t was d i f f i c u l t to remove spent lime from a gasholder i n an 
operating plant without shutting down the operation. I t would be interesting 
to have figures on H^ S versus lime i n the l i f e cycle of one such lime chaf^e. 
One suspects that the l i m i t s of tolerance would be f u l l y stretched i f the 
alternative was shut down. 
The problem was much more acute when Stoneyhurst College was illuminated 
by gas i n 1811^ since the gas would be very unsafe i n small rooms. A separate 
p u r i f i e r was inserted i n the gas floA* p r i o r to the gasholder. Thus spent lime 
would be removed and fresh lime added. This particular design was not operated 
for l o n g . ^ 
Subsequent developments were introduced i n the time honoured manner of 
improving on past work i n each successive i n s t a l l a t i o n and as the l i g h t i n g of 
m i l l s with coal gas proceeded. Mr Greenaway's Manchester works saw the f i r s t 
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hydraulic main used to clear up the condensation problems. At Mr S Ashton's 
works 1812 we have an improved lime machine, hydraulic main, 12 inch c y l i n d r i c a l 
r e t o r t s with improved mouthpieces and a control on the gasometer to regulate 
specific gravity.*^ 
I n the same year, Clegg i n s t a l l e d a gas l i g h t i n g system at the premises 
of Rudolph Ackerman, p r i n t s e l l e r , 101 Strand, consisting of two horizontal 
r e t o r t s holding 240 pounds of coal (half cannel half Newcastle) yielding 
9,300 F'^/ton and requiring a heating charge equivalent to 21 per cent of coal 
carbonised (or 42-46 per cent on a c o l i s t a r t ) . Although this i n s t a l l a t i o n 
soon highlighted the problem of spent time disposal yet again (complaints 
aboOiV. stench when lime was dumped i n r i v e r led to use of cream of lime which 
was required i n greater bulk - no one at that point had realised the simple 
f a c t that surface area was the important factor) t h i s must have been a useful 
operation i n prestige and p u b l i c i t y for new process. 
TOWN GAS LIGHTING SUPPLY ; ORIGINS AND DEVELOPMENTS 
Since about I8O5 Winsor ( o r i g i n a l l y one Friedrich Albrecht Winzler or Winzer 
from Znaim Moravit^ had been t r y i n g to provide urban gas l i g h t i n g . At f i r s t he 
t r i e d to flotUt the "National Heat and Light Company" promising returns of 
11,400 per cent. By I8O7 a few lamps had been i n s t a l l e d for propaganda 
purposes i n P a l l Mall and parts of Beech Street and Whitecross Street. I n I8O9, 
he and others applied to Parliament to incorporate a Company to be known as "The 
London and Westminster Chartered Gas-light and Coke Company" but the collective 
opposition of the public and Murdoch and Watt prevailed. Undismayed they 
petitioned again the following year and the enabling Act was passed i n 1810 
with numerous stipulations. The company was incorporated i n 1812 under the 
directorship of Friedrich Accum. Clegg became engineer to the company i n 1813 
and his son recorded l a t e r that his f i r s t task was to discard the existing plant 
and invent the necessary equipment and instruct workmen,^ 
To overcome i n i t i a l sales resistance shops and houses were f i t t e d free of 
charge as an inducement to a t t r a c t customers. 
The shortage of suitable piping led to the use of musket barrels screwed 
together. 
Prejudice was more d i f f i c u l t to overcome. Davy quipped that i n l i g h t i n g 
London a gas holder the size of St Paul's dome would be required - a prospect 
not at a l l daunting to Clegg, as he remarked i n reply. But size and safety of 
holders continued to worry the public and i n i t i a l l y the insurance companies, 
A Royal Society deputation recommended to the Government that the gas holders 
should be housed i n strong buildings and have a capacity of not more than 
600 F^ i n spite of (or possibly because of) Clegg attempting to prove the 
nonsense of these requirements thus: 
"As Sir Joseph Banks and some of the other members of the deputation 
were conversing upon the danger of a leak i n the gasometer i f a l i g h t 
happened to be near, Mr Clegg called to a man, desiring him to bring a 
pickaxe and candle; he then struck a hole i n the side of the vessel and 
applied a l i g h t to the issuing gas, to the no small alarm of a l l present, 
most of whom quickly retreated; contrary to t h e i r expectation, no 
explosion resulted from t h i s experiment." {\\'^  
I n I 8 I 3 , however, an explosion caused when replenishing the lime p u r i f i e r 
and i n j u r i n g Clegg would have done nothing to bolster the shaky public 
confidence. I t led to the use of a Abater seal on the p u r i f i e r . Westminster 
Bridge was illuminated i n 1813 and i n 1814, the Parish of St Margaret's 
Westminster followed ( i n spite of the pressure of the " o i l gas" interest -
i n any case i t i s not to be thought the company had a monopoly, they were 
prevented from having t h i s position by the Act of 1810. To put the matter i n 
perspective, they operated i n two areas, Norton Folgate to west end of Cheapside 
and P a l l Mall and Westminster to Temple Bar. In between r i v a l companies were 
operating and other companies were being formed to supply Southwark and the 
East End. 
I n June 1814, the St James Park Pagoda - a gas l i g h t i n g spectacular for 
the a l l i e d sovereigns - was burned to the ground due to Sir William Congreves -
fireworks display, according to Clegg junior. The gas was blamed nonetheless. 
I n 1815 the Guildhall was illuminated by gas - also good for prestige. 
There were no gas chandeliers as such. Dixon was prepared to make them and 
Clegg had modified the usual design by using a hollow chain. At about th i s 
time a Batswing burner was invented by one Stone, a workman of Winsor (although 
according to Clow, t h i s was devised by Neilson of the Glasgow Company Limited). 
However, i t i s not reasonable to ascribe to one man the invention of such a 
simple device. 
Clegg had devised a gas meter i n 1815 which was improved by Malam, his 
son-in-law i n 1819. Clegg's other improvement included a gas governor to give 
constant pressure and a mechanical r e t o r t which was used later i n Chester, 
Birmingham, B r i s t o l and the Royal Mint, Winsor and an employee also claimed to 
have introduced a lime process where the lime was put into the retoit with the 
coal. I n 1817, came Reuben P h i l l i p s ' patent for dry lime pvirification of the 
gas. This remained the usual method u n t i l Richard Laming's French patent of 
22 February 1849 advocating use of Iron Oxide ( r e v i v i f y i n g oxide) to remove 
hydrogen sulphide. 
The spent oxide could be r e v i v i f i e d by roasting and used again ( t h i s 
could be p r o f i t a b l y combined with production of sulphuric acid). 
The extent of gas making i n London brought out by Accum who claimed that 
i n 1815» London had 26 miles of gas main supplying 4,000 Argand burners but by 
1819 there were 288 miles of gas main supplying 51,000 burners,^ 
'\)^ 
By 1819 two textbooks had appeared oh gas manufacture of which Elton says: 
"Accum's i s a s c i e n t i f i c treatise outlining the chemistry of the coal gas 
process describing gas manufacturing appliances i n d e t a i l and discussing 
experimental methods of determining the best shape of retorts and 
optimising carbonising periods and temperatures. |leckston i s more 
interested i n how best to maintain and run a gasworks"./^ 
MEASUREMENT OF ILLUMINATING POttfER 
Accumjfor example^described clearly the way i n which illuminating power of 
burners could be measured thus: 
"Though the eye i s not f i t t e d to judge of the proportional force of 
di f f e r e n t l i g h t s , i t can distinguish i n many cases with extreme precision, 
when two similar surfaces presented to the eye together are equally 
illuminated. But as the lu c i d particles are darted i n straight lines, they 
must spread uniformly, and hence t h e i r density w i l l diminish i n the 
duplicate r a t i o of t h e i r distance. From the respective situation 
therefore, of the centres of divergency, when the contrasted surfaces 
become equally bright we may easily compare th e i r r e l a t i v e degrees of 
int e n s i t y " . 
This could be shovm diagramatically based on the equipment described on 
page 24 of the same volxime. 
position could lead i d 
a region of deep shadow \ • \ ^ « 
with two penumbrae - i n ^>^2ZZZ2Z^^^ vail (or sheet of paper on 
th i s case the penumbrae / ^ \ . wall) book p a r a l l e l to \rall 
of equal i n t e n s i t y / V""^  ^ 
(angle of incidence on wall 
must stay same) 
'51 SI 
Si and S2 move along lines 1 and 2 u n t i l uniform shadow achieved. 
I n describing the gas works at Ackerman's house and the early torn gas 
works he shows clearl y the developments made by Clegg. 
The i r o n retorls are heated i n a r e t o r t furnace made of f i r e b r i c k s . 
The t a r i s trapped i n a tar cistern which l a t e r acts as a tar seal by 
l e t t i n g the delivery pipe dip into the t a r . 
GAS LEAK AND PRESSURE CONTROL 
The gasometer i s i d e n t i f i e d as "collecting and preserving"^"distribution 
and applying" the gas but on page 85 '^qualise^'. I t i s counterpoised to prevent 
rapid movement and rapid pressure change^'on page 181 there i s a discussion of 
pressure control (S.G.) of gas by calculation of counterpoise. 
Accum includes Clegg's notes for operatives which show aspect of control -
A 
workmen were instructed to check for leaks i n gasometers at least once a week 
with, candle or i f t h i s f a i l s lead painty which w i l l turn brown over leak* i f • 
only a smelly mend leak with beeswax. 
CLASSIFICATION AM) SELECTION OF COAL ^yv'^  
By t h i s time the second volume was published i n 1819. Accum includes 
analysis to determine^ gas making characteristics of various coa]^ which he 
divides into three classes on the basis of his analysis. 
F i r s t class are c h i e f l y bitumen giving no swelling or caking and leave l i g h t 
ashes between 10,000 and 20,000 P per chaldron of gas. 
The Newcastle coals give 15-16,OOOf^/chaldron compared to the cannel coals 
(York, Lanes, S c o t l a n d ) which give 19.5-2-,000fVchaldron. I t i s noted t h a t 
G l o u c e s t e r c o a l u s u a l l y give porous f r i a b l e cokes and about 12,000fVchaldron 
(except f o r e s t of Dean |«^: 17,000fVchaldron), The S t a f f o r d s h i r e c o a l s need 
higher temperatures f o r g a s i f i c a t i o n and only give 9.5-llfOOOf /chaldron. 
Second c l a s s c o n t a i n l e s s bitumen and more carbon than f i r s t c l a s s , are h e a v i e r 
( d e n s e r ? ) than f i r s t c l a s s - more weight per chaldron. Need more heat than 
f i r s t c l a s s ; coke not b r i t t l e . These are e n t i r e l y Newcastle samples and give 
between 12 and 17,000f^chaldron except f o r two odd men out. 
T h i r d c l a s s a r e d e s t i t u t e of bitumen even higher c a r b o n i s a t i o n temperature than 
second c l a s s - n o cakingJheavy ashes produced "there i s reason to b e l i e v e t h a t t h i s 
s p e c i e s of c o a l ... u s e f u l i n ... smelting ... i r o n ore". Give between 1.3 and 
2,100fVchaldron. 
Accum concludes t h a t second c l a s s are most economical p r o p o s i t i o n . h o u r l y 
A (\ 
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checks on gas produced by a c y l i n d r i c a l r e t o r t c o n t a i n i n g two bushels of c o a l ^ 
thus f i r s t hour 115 
second hour 81 
t h i r d hour 78 
f o u r t h hour 70 
f i f t h hour 66 
s i x t h hour 55 
seventh hour 49 
e i g h t h hour 42 
e i g h t hours ( f ) 555 
CAEBONISING TECHNIQUES 
I n c o n s i d e r i n g c a r b o n i s a t i o n temperatures he d i d not quote temperatures 
but simply used d e s c r i p t i v e terms such as " d u l l red heat". He r e a l i s e d t h a t i t 
was w a s t e f u l and shortened working l i f e of r e t o r t s i f they were alloAved to cool 
and reheated and quoted workmen as h i s source f o r the statement t h a t low 
temperature c a r b o n i s a t i o n gave higher hydrogen s u l p h i d e . He compared 
c a r b o n i s a t i o n by measuring time taken to g a s i f y completely and r e l a t i n g to 
Scotch cannel as standard Newcastle and Forest of Dean were similar 1,04, 1,08, 
but Button Seam, Tyne Main and Warwickshire coal took much longer to carbonise. 
He realised the inadequacy of bulk heating and clearly stated that coal 
should be carbonised i n t h i n layers about two inches - four inches thick (see 
also below), 
Accum also compared the efficacy of d i f f e r e n t retorts and r e t o r t 
arrangements by performing the experiment on progress of carbonisation above 
with 36 parallelopipedC'!} re t o r t s each containing two bushels of coal and 
using Peckston's results f o r 18 c y l i n d r i c a l r e t o r t s containing each one chaldron 
of coal. 
He commented that: 
"The same heat which i s necessary during the f i r s t hour of the operation 
for the evolution of one hundred and f i f t e e n cubic feet of gas i s required 
i n the eighth hour for the production of no more than f o r t y two cubic feet, 
being a decrease of two t h i r d s , 
"When large re t o r t s are employed for decomposing .,- : coal i n masses, from 
f i v e to ten inches i n thickness, the loss of heat i s i n a much greater 
r a t i o " . 
Previously he had explained the reason for t h i s : 
" I t must be obvious that i n proportion as the mass of coal i n the r e t o r t 
becomes carbonised or converted into coke the exterior surface becomes a 
gradually increasing obstacle to the action of the heat upon the i n t e r i o r 
or central part of the coal remaining to be decomposed. The heat required 
on that must be more intense and kept up to no purpose and the extraction 
of gas becomes slower and slower as the operation proceeds." 
I n spite of t h i s , he quotes a cost benefit analysis by Peckston of two 
modes of operation, l ) leaving the r e t o r t s for eight hours or 2) terminatint 
carbonisation a f t e r six hours, and gives an i t a l i c i s e d conclusioh. 
"Let the number of r e t o r t s worked be what i t may, an advantage w i l l 
always be gained i n the mode of manufacturing coal gas, by working the 
r e t o r t s at eight hour charges as the workmen c a l l i t , i n preference to 
adopting the shorter process." 
The explosion i n town gas provision was immense i n the second and t h i r d 
decades of the nineteenth centuryi'. I n England, the following toims had been 
equipped by 1819; B r i s t o l , Birmingham, Chester, Kidderminster, Worcester ( a l l 
inaugurated by Clegg) Liverpool, Bath, Cheltenham, Leeds, Exeter, Macclesfield, 
Newcastle-upon-Tyne. I n Manchester, the Police Commissioners gave a contract 
to the engineering f i r m of Peel and Williams to b u i l d the "public gas works" 
17 August I 8 I 7 . This caused something of a scandal as Williams was a member 
of the gas committee. The Manchester gasworks are also interesting i n that 
John Dalton was involved i n consultancy there. 
On 11 November 1824 the Management stipulated that "Mr Dalton have 
access to gas works at a l l timei^and the following year he was to give expert 
evidence again beforej^Parliamentary Committee on the gas b i l l s . 
I n Scotland where they have more cannel coal than i n England, gas 
l i g h t i n g ventures had kept pace with England. By I8O5, Andrew Ure was l i g h t i n g 
his lecture theatre at the Andensonian with gas andj^the Town, Lumsden's 
(booksellers) J & R Hart (bakef) and Aulton Spinning Works were si m i l a r l y l i t . 
Shortly a f t e r the English m i l l illuminations, Scotland followed s u i t and i n 181? 
the Glasgow Gas Company was formed (street l i g h t i n g commenced on 5 September 1818). 
The Edinburgh Gas Company started at the same time under Sir Walter Scott as 
Chairman (probably on o i l gas). The subsequent history i s less telescoped 
than i n England. Aberdeen 1824 ( o i l gas from f i s h o i l ) , Dundee 1825, Greenock 
1827, Banff 1830, Hamilton 1831, Peterhead 1833 and T u r r i f f 1838.^^ 
In North Americas Baltimore was supplied i n 1819 followed by Boston 1822 
and New York 1825. 
The eternal projector F.A, Winsor had started gas l i g h t i n g i n Paris 
i n I8I5 using o i l gas plant by P h i l l i p Taylor, 
Elsewhere the "Continental Gas Association" of Sir William Congreve supplied 
B e r l i n and Hanover (l826) Aachen (I838) Cologne ( l 8 4 l ) and Concurrenz Anstalt 
(I845). Dresden was supplied by G.M,S, Blockmann i n 1828.V>' 
None of these companies were i n any sense public u t i l i t i e s which Elton 
seems to think was Winsor's o r i g i n a l idea ( t h i s does not seem to square with 
his w i l d promises quoted above). They were p r o f i t making companies i n 
continuing c o n f l i c t with the public. Clow analyses the 1818 c o n f l i c t i n 
Neiircastle upon Tyne where net return on capital sunk was 57 per cent i n one year 
i, e . pure p r o f i t i n less than two years. 
Developments continued. I n Scotland the Glasgow Gas Company had 
appointed James Beaumont Neilson as foreman and l a t e r as manager and engineer. 
He studied a t the Andersonian to improve his chemistry and physics. He i s 
noted f o r using iron sujphate solution i n addition to lime for purifying the 
gas ( t h i s reagent i s mentioned by Accum i n addition to "sugar of lead" which 
was and i s the standard test f o r hydrogen sulphide and the lead acetate paper 
was an early development). He used hot charcoal to absorb tar and o i l but 
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especially i s noted for introducing f i r e c l a y r e t o r t s - iron retorlj^ had short 
lives and i n any case led to low temperature carbonisation. The use of 
refractory ware increased the l i f e of re t o r t s and allowed higher temperature.^ 
The disposal of by products i s not s t r i c t l y a process control matter but 
must be considered f o r a f u l l picture. Complaints arising out of disposal of 
discard, are mentioned above with respect to lime. Tar and ammonia liquor 
were o r i g i n a l l y discarded also to cause a public nuisance. From 1819» however. 
Mackintosh used the Glasgow waste. He could u t i l i s e ammonia d i r e c t l y and also 
the p i t c h derived from tar:, but he was l e f t with a naptha residue. This 
became a pr o f i t a b l e l i n e when he found i t would dissolve caoutchouc and that a 
garment impregnated with the solution became Airaterproof, His further 
development of a tar burning furnace helped recycle tar and became a universal 
f u e l economy on gas works u n t i l tar became a valuable raw material l a t e r i n 
the nineteenth century. 
The chemical development of by products which were such a feature of the 
l a t e r nineteenth century and early twentieth century had to wait for the analyses 
of coal t a r which took place piecemeal during the next century (even now the 
book "Known constituents of coal tar i s a loose leaf binder). M i a l l b r i e f l y 
ti;; 
gave a chronology asstming 1812 as ^ ^start of^gas industry. 
1819 Alexander Garden discovered napljalene i n d i s t i l l a t i o n products. 
1825 Faraday discovered benzene i n whale o i l . 
1826 Unverdorbeji discovered aniline i n d i s t i l l a t i o n of indigo; 
shortly afterwards i t was fotmd that i t could be prepared 
from nitrobenzene. 
1832 DumasjLaurent discovered anthracene i n coal tar residue. 
1842 Leigh (?) discovered benzene i n coal t a r . 
CONCLUSIONS 
I t would be extraordinarily presumptions to make any claim that the 
questions raised i n an enquiry such as t h i s are capable of a neat answer. A l l 
questions raised and apparently answered beget a brood of questions which require 
further research and for which i t i s not yet certain that the material, whether 
i n manuscript or otherwise, i s now extant. For t h i s reason I w i l l separate the 
conclusion into two parts and f i r s t w i l l present the thesis or hypothesis which I 
believe the facts w i l l support, and i n the second part outline what I consider the 
main "loose ends" which- I consider worth further consideration. I n t h i s second 
part i t i s certain that any reader w i l l have observed before reaching this point 
many ttnanswered questions %irhich may have exercised his mind but which I have not 
considered e x p l i c i t l y . This I feel i s _ , V unavoidable especially when one 
uses manuscript evidence. 
REVIEW OF WHAT MAY BE DEDUCED FROM THE EVIDENCE PRESENTED 
Many of these conclusions have already been presented e x p l i c i t l y or implid-fiy 
i n the sections concerned but i t J..^. worth collecting them together to obtain a 
f u l l e r view. I t i s also worth separating the industries. 
1, ALUM 
I t seems obvious that control tests using density,and simple analyses 
resembling pr i m i t i v e :|ittrations were i n use early i n the eighteenth century and 
the control tests were systematic i n the l a t t e r half of that century. Furthermore 
improvements were made that were recognised to the extent of rewards being given 
as i n Dodd's improvement i n extracting lees from Kelp. The raw materials 
changed following relevant research being published (vide Val^aelin p llflL ). 
After the turn of the century a laboratory was established as borne out by the 
f i r s t Laboratory notebook of 1805 and successive laboratory investigations. 
Reference to a specified laboratory and i t s contents appears i n the inventories 
from . A chemical consultant's (Faraday) advice was sought and his 
recomEiendations followed up i n the laboratory. Perhaps more important to this 
view of a s c i e n t i f i c a l l y concerned management i s that from 1820 - as recorded i n 
the inventories - a l i b r a r y was maintained i n the alum house, presumably, for 
the use of plant man^ agement - the o>mers would have a l i b r a r y i n t h e i r p a l a t i a l 
residence fo r t h e i r own use. The individual books were l i s t e d i n the inventories 
and, with feA^ additions of note, \ras donated to a local improvement society i n 
I867 on the demise of the plant. This l i s t of books reproduced as pages 
seems to me to be without doubt a working l i b r a r y for a s c i e n t i f i c a l l y oriented 
management. Throughout the period considered I believe the evidence demonstrates 
sound organisation, delegation and f i n a n c i a l and s c i e n t i f i c control of the North 
Yorkshire industry by a group of professional managers who, although obviously 
i n command of plants belonging to d i f f e r e n t ovmers, were brought together by 
mutual in t e r e s t and the operation of the c a r t e l . 
However I have found no evidence of a formal grouping u n t i l the publication 
of Watson's book at the behest of the society of "Alum Makers". 
2, SULPHURIC ACID 
I n t h i s industry although of l a t e r o r i g i n than alum, the use of density \m.s 
<L 
early introduced as t e s t for completion of the combustion of the mixture i n the 
chambers. The true importance of the "steam in j e c t o r " - i t i s argued - went 
unnoticed and doubt has been cast on the effective influence on manufacturers of 
the paper of Clement and Desorme^s, However i t i s i n t h i s industry that we f i n d 
p ractitioners r e f e r r i n g to themselves, at an early date, as chemical engineers 
and even the early plant oraers/managers were recognisably men of chemical 
education - Roebuck, Chaptal, etc. My account i s essentially based on published 
accounts and I believe that - i f available - manuscript sources would show as 
well run and s c i e n t i f i c a l l y organised an industry as alum, 
3, ILLUMINATING GAS FROM COAL 
Here we have an industry which l i k e Mendeleev S: Table was born f u l l y grown. 
After the f i r s t decade of private contracts the toMn gas projects demonstrated 
extensive chemical engiheering s k i l l s i n transport of materials involving i n i t i a l 
p u r i f i c a t i o n gas pressure and hence flow control. The s c i e n t i f i c selection of 
raw materials and design of carbonising vessels to establish uniform heating of 
t h i n layers together with tests to establish the illuminating quality of the 
product emerged with the f i r s t published textbooks on the process. The 
0. 
i 
I , 
i ! 
NOBTH AIDING 
aBCOBDjoFFlOB 
1/ ^ 
• ; ^ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
•'^ 
/ 
/ 
/ 
/ 
'J 
r 
> 
9 
'/ 
'/ 
'/ 
'/ 
9 
/-^^£>fc^y S 
V^fe" ^ <^-^->- <:i-'7^ c/"^ /^o^di^^ J^/u^i^^t^ Af^y/i 7- fflf-C-p-f-ut--.:. 
150 
developments i n p u r i f i c a t i o n and u t i l i s a t i o n of bye products followed on analyses 
of the o i l s and tars produced which took place piecemeal af t e r the f i r s t 
developments. E f f i c i e n t illumination came extremely late with the invention of 
von Welsbach's mantle but t h i s need not bl i n d us to the early chemical engineering 
developments; s c i e n t i f i c research of Henry; technical research of Accum; 
consultancy of Henry and Dalton and the use of simple tests for the gas. 
1^1 
PROFESSIONALISM 
This, to me, is the main question l e f t open i n the introduction which I 
fe e l i s s t i l l open. 
I t seems clear to me that the basic functions of works chemist and chemical 
engineer were being carried out i n the industries considered. However i n the f i r s t 
case there i s no "profession" of works chemist and i n the second case, although 
one or two gentlemen described themselves as chemical engineers i n the 1870s, 
there seems to be no evidence that a group of people were linked together by such 
a common t i t l e . 
Certainly Dr Russel's c r i t e r i a for what constitutes a profession neunely 
" I n t e l l e c t u a l Qualifications", "Social Responsibility", "Remuneration", "Community 
Relationships" and "Authority" are not i n any way met i n the h i s t o r i c a l time 
intervals covered by the above studies. 
However i t seems reasonable to ask whether a profession of the self 
regulatingjeWlusive variety - setting i t s o\m charges; controlling i t s o^^m 
entry; and existing as the authority to which the public or other bodies would 
look for expert advice - i s the sort of model applicable to the f i e l d of 
i n d u s t r i a l functions. 
Many bodies - such as the Coke Oven Managers' Association - exist, having 
been formed by p r a c t i t i o n e r s , to further the aims of better understanding and 
better communications of developments etc. Such organisations are represented on 
B r i t i s h Standards sub-committees and contribute to the foimdation and monitoring 
of examinations courses which contribute to better t r a i n i n g . Contrary to t h i s the 
post of "Works Chemist" when advertised does not normally require specific 
education other than i n chemistry, but may require specific experience. But i t 
may be argued that i/orks chemists are a sub group of the chemical profession 
whose professional voice i s the Royal I n s t i t u t e of Chemistry, and many, although 
not a l l , would seek such recognition which they may f i n d more possible under the 
newer regulations. 
The managerial group i n the alum works i n North Yorkshire showed strong 
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"Community Relationships" and had a strong feeling of collective i d e n t i t y ; they 
delegated duties to clerks and alum makers and the alum makers went on to form a 
Society f o r which Watson wrote his 1854 paper but neither the orig i n a l group of 
managers nor the l a t t e r group of alum makers can lay claim to professional status 
i n the sense outlined i n Dr Russel's t e x t . 
The sense i n which profession could be used i n our case i s possibly as a 
synonym for status or recognisable position. The Yorkshire Directories l i s t 
"managers" of the alim works and occasionally "alum makers", A man would describe 
himself as "-works chemist", "plant manager" etc with some expectation that his 
xiTould appreciate his status and possibly understand his duties. 
After t h i s b r i e f summary of the two \ray3 i n which I think the origins of 
"professions" can be viewed, I must end by arguing, tentatively that i t i s of 
more value to the modern "professional" manager, works chemist^ etc. to be able 
to i d e n t i f y his orni function stretching further back into the chemical industry 
11 >i 
than to seek to give a separate accolade of profession or see them as part of the 
development of a general chemical profession^in which development the chemical 
consultants mentioned i n the account seem more obvious progenitors. 
Tentative indeed must any such conclusion be since l i t t l e i s known of the 
managers except t h e i r names and the details of t h e i r jobs. Their backgrounds, 
education and indeed date of death are as yet undiscovered. Of the "works 
chemist" we see only the function. I t i s not certain that only one person vas 
involved i n t h i s fimction and i f anyone else other than the agents were involved 
we cannot be certain that we even know t h e i r names. A deeper and more extensive 
examination of manuscripts and the search for new sources would possibly lead to 
a greater understanding of these "professional classes" of the eighteenth and 
early nilieteenth century and the local net must be spread wider to include 
George and Jeremiah Dixon,John Bird, and possibly Thomas Wright, a l l of whom 
liv e d i n South Durham and North Yorkshire area i n the second decade of the 
eighteenth century. A l l of these were neither workmen nor important figures i n 
society; they were educated but not members of any recognised profession at 
that time and t h e i r education did not include university studies. To me they 
/5'3 
present at present an enigmatic group which I feel must be investigated to 
understand the development of the modern "professional classes". 
APPENDIX 1 
EXPERIMENTS IN LABORATORY 1805 
l l 2 
3 
Prussian Blue I/5/I8O5 Yield measurementsj 
Mothers ^  p i n t mothers 2oz 6D 0 grain above water 
1 Pint 
i p i n t 2 . 4 0 
5 0 0 
per Assay b o t t l e 24^ 
80 
-g- gallon evaporated to dryness i n an iron ladle - much of i t adhered so 
strongly thereto that i t could not be got of f but by ivarm water. 
Troy weights: 
The Troy Pound contains 5>760 grains 
The Troy Ounce contains 480 grains 
Avoirdupois: 
The avoirdupois ounce contains 4372" 
The ,' :Ptffe :.' pound contains 7000 Gr 
NOTE; 
1 avoirdupois ounce of s a l t put into an ale p i n t of hot water and dissolved 
raises the specific gravity of the water to 2/80ths of the Assay Glass, 
Weights of Assay Glasses: 
Grains Oz 
Troy 
Dr Gr 
No.l 6600 or 13 6 
No,2 6020 or 12 4 20 
No,3 5928 __ or 12 2 48 12 6 40 
No W 
Avoirdupois: 
7 40 
Glass No.l 15 1 0 
" 2 13 12 
3 13 9 0 
18 December I8O5 Assay on C l a r i f i e d Alum liquor at 12/80ths. 
Glass No,2 5^Rr; with liquor boiled to 25 including ^  ounce 
of muriate of potash, t h i s glass gave out Alum - 3.13 
Glass '^o ,3 'c- as the above with ^  ounce of muriate 
and yielded Altmi - 4,15 
(55 
Page 
Glass No.4 Sfit^ as the above with 1 ounce muriate 
and gave - 5*10 * ^ 
Each glass contained 1 ale p i n t or 352" inches but the muriate was added 
i n a dry state to 50 inches i n the above experiments and boiled a l i t t l e ; 
the setting weights of each glass was 25/80ths, 
The above results are i n avoirdupois weights, 
t 
Mothers of the above, 2 ' say 23 
7 E e t against - opp - the results asteriskedj 
Avoirdupois 
153 Crrains Muriate to the Ale Pint or 2f o\inces per gallon 
230 Grains Muriate to the Pint or 4 ounces 3 drams per gallon 
306 Grains Muriate to the Pint or 5 ounces 10 drams per gallon 
8 Weight of Dry Salt 
- of d i t t o 104,5 drams 
Brimstone Ashes 
Dried Brimstone Ashes 
Dried Elixated Ashes 
Salt 
9 21 December 1805 
Glass No.l 1 lak .jiinK measure 1 ounce Muriate from Dunbar sett at 24 
Glass No,2 1 ale p i n t measure 1 ounce Muriate from Dalmuir sett 24 
Glass No,2 1 ale p i n t liquor 1 ounce Aldersons ashes sett 24 
Glass No,4 1 ale p i n t liquor 1 ounce Sulphate Potash from Brimstone Ashes 
10 18 January I8O6 
3 lbs Brimstone Ashes from London e l i x i a t e d with Sundry portions of water 
u n t i l a l l the s a l t was extracted the ley f i l t r e d and put into an iron pot 
and boiled down to a dry s a l t . 
l b oz dr 
3 1 6 
2 13 2 
4 4 
lb oz dr 
Weight of the empty pot 6 10 8 
Weight of the pot with the dry s a l t 7 1 10 
Weight of dry s a l t i n 3 lil> ashes 7 12 
One tone of brimstone ashes w i l l y i e l d 2 3 24 
dry sulphate of potash. 
/St 
The 3 pounds of the Brimstone Ashes used i n th i s Experiment Mere dried 
then the sample from London 
( i n the ^ l i b Brimstone ashes l i x i v i a t e d with one W Pint cold water Ley - 3 ^ 
wine p i n t ) ^ l i b Brimstone ashes l i x i v i a t e d with one W Pint hot water Ley - 4d 
11 21 January 1806 
dwt 
No,2 Glass set at 22^ with 1 ounce of the dry sulphate of potash from the 
oz 
Brimstone ashes Produce 3 " 12 " 0 
No.3 Glass set same as the above with 1 ounce Muriate from Dalmuir 
oz Dr Gr 
Produce 5 2 0 
12 20 A p r i l 1806 
Put i n t o the pan 3 Wine Gallons c l a r i f i e d alum liquor - which weighed 
dwt 
when cold 14 when at the b o i l i n g point i t weighed 11 dwt. The liquor was 
H M 
boiled 3 40 during which time 3 gallons of liquor were consumed. 
3 gallons (the quantity at f i r s t ) \ms set to cr y s t a l l i s e at 24 dwt 
& no Muriate added nor any other A l k a l i , 
Mothers 22d decanted of f the alum & the Alum washed weight of the 
Mothers cold 26diirt i n cooling and c r y s t a l l i s i n g the decrease was 4 gallons 
nearly. 
The Mothers 23d boiled again and sett at 26 to c r y s t a l l i s e . 
l b oz dr 
13 Produce from the f i r s t c r y s t a l l i s a t i o n 2 0 12 a f t e r the alum had been 
A v a s h e d and allowed to drain 15 hours. 
14 - 25 
26 Temp 50° 
Assay Bottle Assay Bottle Specific Gravity Hydrometer 
80 parts 100 parts 
12gr 
9 l l i 1.108 23 
9i 1.115 
91 1.118 
9f 12i 1.120 25 
10 12i 1.125 26 
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Page 
l O i 1.128 
l O j 13i 1.130 26i 
lOf 1.134 
l l i I 4 i 28 
11 Divide the Specific Gravity by l6 gives 
the avoirdupois poiinds i n the Cubic Foot 
13 l 6 i 
There i s 15 grains i n each Dwt of the assay bottle Multiply each Ihrt by 15 
to which add 1200 Grains being the weight of the ^vater, divide the sum 
t o t a l by the nmber of Grains that gives the specific gravity, add cjrphers 
to the dividend u n t i l you get 4 figures i n new Quotient prick off new Left 
Hand figure for the interger. 
Empty Alum Assay b o t t l e 1590 Grains 
Container of Water 1200 Grains 
Oz Dr Gt 
Troy 5 6 30 2790 Grains 
27 Example 
Pennyweights 15 grains each Dwt by 
10 the weight of the ( b o t t l e ) 
150 
Add 1200 Grains the weight of the water the assay bottle 
contains 
1200)1350000 (1.125 Specific Gravity which i s about 26 by the 
12 hydrometer, 
150 Nearly 26 by the hydrometer 
120 Multiply by 5 
3000 1 @ 130 
2400 and add the interger 
6000 
6000 
[28 Similar but not annotated i n calculations!] 
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